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Fig. 6
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Fig. 54
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Fig. 94
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Fig. 104
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Fig. 114 Fig. 11B
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Fig. 134
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Fig. 18
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EXPOSURE APPARATUS AND EXPOSURE
METHOD, AND FLAT PANEL DISPLAY
MANUFACTURING METHOD

This 1s a Continuation of U.S. application Ser. No. 15/763,
579 filed Aug. 9, 2018, which 1s a 371 of International
Application No. PCT/IP2016/078809 filed Sep. 29, 2016,
which claims the benefit of Japanese Patent Application No.

2015-194828 filed Sep. 30, 2015. The disclosures of the

prior applications are hereby incorporated by reference
herein 1n their entireties.

TECHNICAL FIELD

The present invention relates to exposure apparatuses and
exposure methods, and flat panel display manufacturing
methods, and more particularly, to an exposure apparatus
and an exposure method used in a lithography process for
producing micro-devices such as a liquid crystal display
device, and a flat panel display manufacturing method using
the exposure apparatus and the exposure method.

BACKGROUND ART

Conventionally, 1n a lithography process for producing
clectronic devices (micro-devices) such as a liquid crystal
display device or a semiconductor device (such as an
integrated circuit), exposure apparatuses are used such as an
exposure apparatus of a step-and-scan method (a so-called
scanning stepper (also called a scanner)) that transfers a
pattern formed on a mask irradiated with an energy beam,
while a mask (photomask) or a reticle (heremaiter collec-
tively called a “mask™) and a glass plate or a watfer (here-
iafter collectively called a “substrate™) are moved synchro-
nously along a predetermined scanning direction (scan
direction).

As this type of exposure apparatus, an exposure apparatus
equipped with an optical interferometer system 1s known
that obtains position information within a horizontal plane of
a substrate subject to exposure using a bar mirror (long
mirror) that a substrate stage device has (refer to PIL 1).

Here, 1n the case of obtaining position information of the
substrate using the optical iterferometer system, influence
of the so-called air fluctuation cannot be ignored. While the
influence of air fluctuation mentioned above can be reduced
using an encoder system, due to the increasing size of
substrates 1n recent years, 1t 1s becoming diflicult to prepare
a scale that can cover the entire moving range of the
substrate.

CITATION LIST
Patent Literature

[PTL 1] U.S. Patent Application Publication No. 2010/
0266961

SUMMARY OF INVENTION

According to a first aspect of the present invention, there
1s provided an exposure apparatus that irradiates an object
with an i1llumination light via an optical system, comprising;:
a movable body arranged below the optical system that
holds the object; a drive system that can move the movable
body 1n a first direction and a second direction orthogonal to
cach other within a predetermined plane orthogonal to an
optical axis of the optical system; a measurement system
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that has a grating member with a plurality of grating areas
arranged mutually apart 1n the first direction, a plurality of
heads each 1rradiating the grating member with a measure-
ment beam that can move 1n the second direction, and a
measurement device that measures position information of
the plurality of heads 1n the second direction, in which one
of the grating member and the plurality of heads 1s provided
at the movable body, along with the other of the grating
member and the plurality of heads being provided facing the
movable body, and the measurement system, measuring
position mnformation of the movable body in at least direc-
tions of three degrees of freedom within the predetermined
plane, based on measurement information of at least three
heads of the plurality of heads rradiating at least one of the
plurality of grating areas with the measurement beam and
measurement information of the measurement device; and a
control system that controls the drive system based on
position information measured by the measurement system,
wherein the measurement beam of each of the plurality of
heads moves ofl of one of the plurality of grating areas, and
moves to irradiate another grating area adjacent to the one
grating arca while the movable body 1s being moved 1n the
first direction, and the control system acquires correction
information to control movement of the movable body
using, of the plurality of heads, a head whose measurement
beam has moved off of the one grating area and moves to
irradiate the another grating area and 1s a different head from
the at least three heads, based on measurement information
of the at least three heads, or position information of the
movable body measured using the at least three heads.
According to a second aspect of the present invention,
there 1s provided an exposure apparatus that irradiates an
object with an illumination light via an optical system,
comprising: a movable body arranged below the optical
system that holds the object; a drive system that can move
the movable body 1n a first direction and a second direction
orthogonal to each other within a predetermined plane
orthogonal to an optical axis of the optical system; a
measurement system, having a grating member with a
plurality of first grating areas arranged mutually apart in the
first direction and a plurality of second grating areas
arranged mutually apart in the first direction at positions
different from the plurality of first grating areas 1n the second
direction, a plurality of heads 1rradiating the grating member
with a measurement beam from each of the heads that can
move 1n the second direction, and a measurement device that
measures position mformation of the plurality of heads in
the second direction, 1n which one of the grating member
and the plurality of heads 1s provided at the movable body,
along with the other of the grating member and the plurality
ol heads being provided facing the movable body, and the
measurement system measuring position information of the
movable body in at least directions of three degrees of
freedom within the predetermined plane, based on measure-
ment information of at least three heads of the plurality of
heads 1rradiating at least two of the plurality of first grating
arcas and the plurality of second grating areas with the
measurement beam and measurement information of the
measurement device; and a control system that controls the
drive system based on position information measured by the
measurement system, wherein the measurement beam of
cach of the plurality of heads moves ofl of one grating area
of the plurality of first grating areas or the plurality of second
grating areas, and moves to irradiate one grating area of
another first grating area or another second grating area
adjacent to the one grating area of the first grating area or the
second grating area while the movable body 1s being moved
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in the first direction, and the control system acquires cor-
rection information to control movement of the movable
body using, of the plurality of heads, a head whose mea-
surement beam has moved off of one grating area of the
plurality of first grating areas or the plurality of second
grating areas and moves to irradiate the another first grating
area or the another second grating area and 1s a different
head from the at least three heads, based on measurement
information of the at least three heads, or position informa-
tion of the movable body measured using the at least three
heads.

According to a third aspect of the present invention, there
1s provided a flat panel display manufacturing method,
comprising: exposing a substrate using the exposure appa-
ratus according to one of the first aspect and the second
aspect; and developing the substrate that has been exposed.

According to a fourth aspect of the present invention,
there 1s provided an exposure method 1rradiating an object
with an i1llumination light via an optical system, comprising;:
measuring position information of a movable body that
holds the object at least in directions of three degrees of
freedom within a predetermined plane by a measurement
system having a grating member with a plurality of grating
areas arranged mutually apart in a first direction within the
predetermined plane orthogonal to an optical axis of the
optical system, a plurality of heads irradiating the grating
member with a measurement beam from each of the heads
that can move 1n a second direction orthogonal to the first
direction within the predetermined plane, and a measure-
ment device that measures position information of the
plurality of heads in the second direction, in which one of the
grating member and the plurality of heads 1s provided at the
movable body, along with the other of the grating member
and the plurality of heads being provided facing the movable
body, based on measurement imnformation of at least three
heads of the plurality of heads irradiating at least one of the
plurality of grating areas with the measurement beam and
measurement information of the measurement device; and
moving the movable body based on position information
measured by the measurement system, wherein the mea-
surement beam of each of the plurality of heads moves off
of one of the plurality of grating areas, and moves to
irradiate another grating area adjacent to the one grating area
while the movable body 1s being moved 1n the first direction,
and correction information to control movement of the
movable body using a head different from the at least three
heads of the plurality of heads whose measurement beams
have moved off of the one grating area and move to wrradiate
the another grating area 1s acquired, based on measurement
information of the at least three heads or position informa-
tion of the movable body measured using the at least three
heads.

According to a fifth aspect of the present invention, there
1s provided an exposure method 1rradiating an object with an
illumination light via an optical system, comprising: mea-
suring position imformation of the movable body at least 1n
directions of three degrees of freedom within a predeter-
mined plane orthogonal to an optical axis of the optical
system by a measurement system having a grating member
with a plurality of first grating areas arranged mutually apart
in the first direction within the predetermined plane and a
plurality of second grating areas arranged mutually apart in
the first direction at positions different from the plurality of
first grating areas in the second direction, a plurality of heads
irradiating the grating member with a measurement beam
from each of the heads that can move in the second direction,
and a measurement device that measures position iforma-
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tion of the plurality of heads in the second direction, in
which one of the grating member and the plurality of heads
1s provided at the movable body, along with the other of the
grating member and the plurality of heads being provided
facing the movable body, based on measurement 1nforma-
tion of at least three heads of the plurality of heads 1rradi-
ating at least two of the plurality of first grating areas and the
plurality of second grating areas with the measurement beam
and measurement information of the measurement device;
and moving the movable body based on position information
measured by the measurement system, wherein the mea-
surement beam of each of the plurality of heads moves off
of one grating area of the plurality of first grating areas or the
plurality of second grating areas, and moves to irradiate one
grating area ol another first grating area or another second
grating area adjacent to the one grating areca of the first
grating area or the second grating area while the movable
body 1s being moved 1n the first direction, and correction
information to control movement of the movable body using
a head different from the at least three heads of the plurality
of heads whose measurement beams have moved off of one
of the first grating area and the second grating area and move
to 1rradiate the another of the first grating area and the
second grating area 1s acquired, based on measurement
information of the at least three heads or position informa-
tion of the movable body measured using the at least three
heads.

According to a fifth aspect of the present invention, there
1s provided a flat panel display manufacturing method,
comprising: exposing a substrate using the exposure method
according to one of the fourth aspect and the fifth aspect; and
developing the substrate that has been exposed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a view schematically showing a structure of a
liguid crystal exposure apparatus according to a {irst
embodiment.

FIG. 2A 1s a view schematically showing a structure of a
mask encoder system, and FIG. 2B i1s an enlarged view of a
part of the mask encoder system (part A 1n FIG. 2A).

FIGS. 3A to 3E are views (No. 1 to No. 5) used to explain

a linkage process of head outputs in the mask encoder
system and a substrate encoder system.

FIG. 4A 1s a view schematically showing a structure of a
substrate encoder system, and FIGS. 4B and 4C are enlarged
views ol a part of the substrate encoder system (part B in
FIG. 4A).

FIG. 5 1s a schematic view of the substrate encoder
system.

FIG. 6 1s a block diagram showing an input/output rela-
tion of a main controller that mainly structures the control
system of the liquid crystal exposure apparatus.

FIG. 7A 1s a view (No. 1) showing an operation of the
mask encoder system at the time of exposure operation, and
FIG. 7B 1s a view (No. 1) showing an operation of the
substrate encoder system at the time of exposure operation.

FIG. 8A 1s a view (No. 2) showing an operation of the
mask encoder system at the time of exposure operation, and
FIG. 8B 1s a view (No. 2) showing an operation of the
substrate encoder system at the time of exposure operation.

FIG. 9A 1s a view (No. 3) showing an operation of the
mask encoder system at the time of exposure operation, and
FIG. 9B 1s a view (No. 3) showing an operation of the
substrate encoder system at the time of exposure operation.
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FIGS. 10A to 10C are views (No. 1 to No. 3) used to
explain a modified example (No. 1) of the linkage process of

head outputs.

FIGS. 11A to 11F are views (No. 1 to No. 6) used to
explain a modified example (No. 2) of the linkage process of
head outputs.

FIGS. 12A and 12B are views (No. 1 and No. 2) used to
explain a structure of a measurement system for obtaining
the distance between a pair of heads.

FIGS. 13A and 13B are views (No. 1 and No. 2) used to
explain a structure of a measurement system for obtaining
t1lt amount of a Y slide table.

FIG. 14 1s a planar view showing a substrate holder and
a pair ol head units of a substrate encoder system that a
liguid crystal exposure apparatus according to a second
embodiment has, along with a projection optical system.

FIGS. 15A and 15B are views used to explain a movement
range 1n the X-axis direction of the substrate holder when
position measurement of the substrate holder 1s performed.

FIGS. 16 A to 16D are views used to explain a first state
to a fourth state 1n a state change of positional relation
between a pair of head units and a scale 1n the process when
the substrate holder moves 1n the X-axis direction in the
second embodiment.

FIGS. 17A to 17C are views used to explain a linkage
process at the time of switching heads of the substrate
encoder system that measures position mformation of the
substrate holder performed 1n the liquid crystal exposure
apparatus according to the second embodiment.

FIG. 18 1s a planar view showing a substrate holder and
a pair ol head units of a substrate encoder system that a
ligud crystal exposure apparatus according to a third
embodiment has, along with a projection optical system.

FI1G. 19 1s a view used to explain a characteristic structure
of a liqud crystal exposure apparatus according to a fourth
embodiment.

FIG. 20 1s a view showing an 1irradiation point of a
measurement beam on an encoder scale.

DESCRIPTION OF EMBODIMENTS

First Embodiment

Hereinatter, a first embodiment will be described, using
FIGS. 1 to 11F.

FIG. 1 schematically shows a structure of a liquid crystal
exposure apparatus 10 according to the first embodiment.
Liquid crystal exposure apparatus 10 1s a projection expo-
sure apparatus ol a step-and-scan method, or a so-called
scanner whose exposure target 1s a rectangular (square-
shaped) glass substrate P (hereinaiter simply referred to as
substrate P) used 1n, for example, a liquid crystal display
device (flat panel display) or the like.

Liquid crystal exposure apparatus 10 has an 1llumination
system 12, a mask stage device 14 that holds a mask M on
which a circuit pattern and the like 1s formed, a projection
optical system 16, an apparatus main section 18, a substrate
stage device 20 that holds substrate P whose surface (a
surface facing a +7 side 1n FIG. 1) 1s coated with a resist
(sensitive agent), a control system for these parts and the
like. In the description below, a direction in which mask M
and substrate P are relatively scanned with respect to 1llu-
mination light IL at the time of scanning exposure will be
described as an X-axis direction within a predetermined
plane orthogonal to an optical axis of projection optical
system 16 (coincides with an optical axis of illumination
system 12), a direction orthogonal to the X-axis within a
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horizontal plane will be described as a Y-axis direction, and
a direction orthogonal to the X-axis and the Y-axis will be
described as a Z-axis direction, and each of the rotation
directions around the X-axis, the Y-axis, and the Z-axis will
be described as 0x, Oy, and 0z directions, respectively. Also,
positions 1n the X-axis, the Y-axis, and the Z-axis directions
will each be described as an X position, a Y position, and a
7. position, respectively.

[llumination system 12 1s structured similarly to the
illumination system disclosed in, U.S. Pat. No. 5,729,331
and the like. Illumination system 12 irradiates mask M with
a light emitted from a light source not shown (a mercury
lamp) serving as an exposure 1llumination light (illumination
light) IL, via parts not shown such as a reflection mirror, a
dichroic mirror, a shutter, a wavelength selection filter, and
vartous kinds of lenses. As illumination light IL, a light
including at least one of an 1-line (wavelength 365 nm), a
g-line (wavelength 436 nm), and an h-line (wavelength 405
nm) (in the embodiment, a synthetic light of the i-line, the
g-line, and the h-line described above) 1s used. Illumination
system 12 has a plurality of optical systems that 1rradiates a
plurality of 1llumination areas whose positions 1n the Y-axis
direction are different with illumination light IL, respec-
tively, and the number of this plurality of optical systems 1s
the same as the number of a plurality of optical systems of
projection optical system 16 to be described later on.

Mask stage device 14 includes a mask holder (also called
a slider, or a movable member) 40 that holds mask M by
vacuum chucking, a mask driving system 91 (not 1llustrated
in FIG. 1, refer to FIG. 6) that drives mask holder 40 1n a
scanning direction (the X-axis direction) 1in predetermined
long strokes as well as finely drive mask holder 40 appro-
priately 1n the Y-axis direction and the 0z direction, and a
mask position measurement system that measures at least
position information (position information in directions of
three degrees of freedom including the X-axis direction, the
Y-axis direction, and the 0z direction, and the 6z direction
includes rotation (yawing) imnformation; the same hereinat-
ter) of mask holder 40 within the XY plane. Mask holder 40
consists of a frame shaped member 1n which an opening
section 1n a rectangular shape in a planar view 1s formed, as
1s disclosed 1n U.S. Patent Application Publication No.
2008/0030702. Mask holder 40 1s mounted on a pair of mask
guides 42 fixed to an upper mount section 18a, which 1s a
part of apparatus main section 18, via an air bearing (not
shown). Mask drive system 91 includes a linear motor (not
shown). While the description below 1s made with mask
holder 40 being moved, a table or a stage having a holding
section of mask M may be moved. That 1s, the mask holder
holding the mask does not necessarily have to be provided
separately with the mask table or the mask stage and the
mask may be held by vacuum suction or the like on the mask
table or the mask stage, and 1n such a case, the mask table
or the mask stage holding the mask 1s to be moved 1n
directions of three degrees of freedom within the XY plane.

The mask position measurement system 1s equipped with
a mask encoder system 48 in which one of a pair of encoder
head units 44 (hereinafter simply referred to as a head unit
44) and a plurality of encoder scales 46 (overlapping 1n a
depth direction of the page surface i FIG. 1, refer to FIG.
2A) rradiated with a measurement beam via head unit 44 1s
provided at mask holder 40, and the other of encoder heads
44 and the plurality of encoder scales 46 1s provided facing
mask holder 40. In the embodiment, encoder head 44 1is
provided at upper mount section 18a via an encoder base 43,
and the plurality of encoder scales 46 1s provided on the
lower surface side of mask holder 40 so that the each of the
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encoder scales faces the pair of encoder heads 44. Note that
encoder heads 44 may be provided, not at upper mount
section 18a but at, for example, the upper end side of
projection optical system 16. The structure of mask encoder
system 48 will be described 1n detail, later on.

Projection optical system 16 1s supported by upper mount
section 18a, and 1s placed below mask stage device 14.
Projection optical system 16 1s a so-called multi-lens pro-
jection optical system having a structure similar to the
projection optical system disclosed 1 U.S. Pat. No. 6,552,
7’75 and the like, and 1s equipped with a plurality of (11 1n
the embodiment; refer to FIG. 2A) optical systems which
forms an upright normal 1mage with a double telecentric
equal magnifying system.

In ligqud crystal exposure apparatus 10, when an 1llumi-
nation area on mask M supported by upper mount section
18a 1s 1lluminated with 1llumination light IL from 1llumina-
tion system 12, by the 1llumination light having passed mask
M, a projection 1mage (partial upright image) of the circuit
pattern of mask M within the 1llumination area 1s formed on
an 1rradiation area (exposure area) of the i1llumination light
on substrate P conjugate with the illumination area, via
projection optical system 16. And, by substrate P being
relatively moved 1n the scanning direction with respect to
the exposure area (1llumination light IL) along with mask M
being relatively moved in the scanning direction with
respect to the illumination area (illumination light IL),
scanning exposure of a shot area on substrate P 1s performed,
and the pattern formed on mask M 1s transferred onto the
shot area.

Apparatus main section 18 (also referred to such as a main
section or a frame structure) supports mask stage device 14,
projection optical system 16, and substrate stage device 20
described above, and i1s installed on a floor 11 of a clean
room via a plurality of vibration isolation devices 19.
Apparatus main section 18 1s structured similarly to the
apparatus main section disclosed in U.S. Patent Application
Publication No. 2008/0030702. In the embodiment, the
apparatus main section has upper mount section 18a (also
called an optical surface plate) that supports projection
optical system 16 described above, a lower mount section
186 where substrate stage device 20 1s arranged, and a pair
of middle mount sections 18c.

Substrate stage device 20 1s a device used to position
substrate P with high precision with respect to a plurality of
partial images (exposure light IL) of the mask pattern of
substrate P projected via projection optical system 16 1n
scanning exposure, and moves substrate P 1n directions of
s1x degrees of freedom (the X-axis, the Y-axis, and the
Z-axis directions, and the 0x, the Oy, and the 0z directions).
While the structure of substrate stage device 20 1s not limited
in particular, a stage device of a so-called coarse/fine move-
ment structure can be used, including a gantry type two-
dimensional coarse movement stage and a fine movement
stage finely moved with respect to the two-dimensional
coarse movement stage, as 1s disclosed in U.S. Patent

Application Publication No. 2008/129762, U.S. Patent
Application Publication No. 2012/0057140 and the like. In
this case, substrate P can be moved 1n directions of three
degrees of freedom within the horizontal plane by the coarse
movement stage, and substrate P can also be finely moved in
directions of six degrees of freedom by the fine movement
stage.

Substrate stage device 20 1s equipped with a substrate
holder 34. Substrate holder 34 consists of a plate-like
member having a rectangular shape 1n a planar view, and
substrate P 1s mounted on 1ts upper surface. Note that the
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substrate holder that holds the substrate does not necessarily
have to be provided separately from the table or stage where
the holding section of the substrate 1s provided, 1n this case,
fine movement stage 32, and the substrate may be held by
vacuum suction or the like on the table or the stage.
Substrate holder 34 1s moved 1n the X-axis direction and/or
the Y-axis direction with respect to projection optical system
16 in predetermined long strokes and is also finely moved 1n
directions of six degrees of freedom, by a plurality of linear
motors (voice coil motors) structuring a part of a substrate
drive system 93 (not shown in FIG. 1, refer to FIG. 6). The
structure of substrate stage device 20 described so far
(however excluding the measurement system) 1s disclosed 1n
U.S. Patent Application Publication No. 2012/0057140.

Also, liguid crystal exposure apparatus 10 has a substrate
position measurement system for measuring position infor-
mation of substrate holder 34 (namely, substrate P) in
directions of six degrees of freedom. The substrate position
measurement system includes a Z tilt position measurement
system 98 for acquiring position mformation of substrate P
in the Z-axis, the 0x, and Oy directions (hereinafter referred
to as Z tilt direction), and a substrate encoder system 30 for
acquiring position information of substrate P 1in the XY plane
in directions of three degrees of freedom, as 1s shown 1n FIG.
6. While the structure of Z tilt position measurement system
98 1s not limited 1n particular, a measurement system can be
used that obtains position information of substrate P in the
/7. tlt direction with apparatus main section 18 (lower mount
section 18b) serving as a reference, using a plurality of
sensors attached to a system including substrate holder 34,
as 1s disclosed 1 U.S. Patent Application Publication No.
2010/0018950 and the like. The structure of substrate
encoder system 30 will be described later 1n the description.

Next, the structure of mask encoder system 48 will be
described, using FIGS. 2A and 2B. As i1s typically shown 1n
FIG. 2A, 1n areas on the +Y side and the -Y side of mask
M (more specifically, an opening section not shown for
housing mask M) 1n mask holder 40, a plurality of encoder
scales 46 (also referred to as grating members, grating
section, grid members and the like; however, will be simply
referred to as scales 46 below) 1s placed. Although FIG. 2A
illustrates the plurality of scales 46 1n a solid line placed on
the upper surface of mask holder 40 to facilitate understand-
ing, the plurality of scales 46 1s actually placed at the lower
surface side of mask holder 40 so that the Z position of the
lower surface of each of the plurality of scales 46 coincides
with the Z position of the lower surface (pattern surface) of
mask M, as 1s shown 1n FIG. 1.

Each of the plurality of scales 46 has a grating area
(grating section) in which a reflective two-dimensional
grating or two reflective one-dimensional gratings with
different (e.g. orthogonal) arrangement directions (periodic
directions) are formed, and the plurality of scales 46 1is
provided at the lower surface side of mask holder 40 on both
sides of the mounting area (including the opening section
described earlier) of mask M 1n the Y-axis direction so that
the grating areas are arranged apart 1n the X-axis direction.
Note that while the grating may be formed 1 the X-axis and
the Y-axis directions to cover the entire area of scales 46,
since 1t 15 diflicult to form the grating with good precision at
the edge of scales 46, 1n the embodiment, the grating 1s
formed so that the periphery of the grating area 1n scales 46
becomes a margin part. Therefore, spacing between grating
areas 1s larger than the spacing between a pair of scales 46
adjacent 1n the X-axis direction, and the period while an area
other than the grating areas 1s wrradiated with the measure-
ment beam 1s to be a non-measurement period (also called
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a non-measurement section; however, hereinafter referred to
collectively as non-measurement period) in which position
measurement cannot be performed.

In mask holder 40 of the embodiment, 1n the areas on the
+Y side and the -Y side of the mounting area of mask M,
three scales 46 are arranged i1n the X-axis direction at a
predetermined spacing. That 1s, mask holder 40 has a total
of six scales 46. Fach of the plurality of scales 46 is
substantially identical, except for the point that the scales are
arranged symmetrically in the vertical direction of the page
surface on the +Y side and the -Y side of mask M. Scale 46
consists of a plate-shaped (strip-shaped) member rectangu-
lar 1n a planar view extending in the X-axis direction, made
ol quartz glass. Mask holder 40 1s formed of ceramics, and
the plurality of scales 46 1s fixed to mask holder 40. In the
embodiment, instead of the plurality of scales 46 arranged
apart 1n the X-axis direction, one (single) scale may be used
as a mask holder scale. In this case, the grating area may also
be one, or a plurality of grating arcas may be formed set
apart in the X-axis direction on one scale.

As 1s shown 1n FIG. 2B, on the lower surface (a surface
tacing the -7 side 1n the embodiment) of scale 46 at an area
on one side in the width direction (the -Y side 1n FIG. 2B),
an X scale 47x 1s formed. Also, on the lower surface of scale
46 at an area on the other side 1n the width direction (the +Y
side 1n FIG. 2B), a Y scale 47y 1s formed. X scale 47x 1s
structured by a reflective diflraction grating (an X grating)
having a plurality of grid lines extending in the Y-axis
direction formed at a predetermined pitch in the X-axis
direction (the X-axis direction serving as a periodic direc-
tion). Similarly, Y scale 47y 1s structured by a reflective
diffraction grating (a Y grating) having a plurality of gnd
lines extending in the X-axis direction formed at a prede-
termined pitch i the Y-axis direction (the Y-axis direction
serving as a periodic direction). In X scale 47x and Y scale
4’7y of the embodiment, the plurality of grid lines 1s formed
at a spacing of 10 nm or less. Note that in FIGS. 2A and 2B,
for convenience of 1llustration, the spacing (pitch) between
the grids 1s shown much wider than the actual spacing. The
same applies to other drawings as well.

Also, as 1s shown 1n FIG. 1, a pair of encoder bases 43 1s
fixed on the upper surface of upper mount section 18a. The
pair of encoder bases 43 1s placed so that one of the pair 1s
at the —X side of mask guide 42 on the +X side, and the other
1s at the +X side of mask guide 42 on the —X side (that 1s,
placed 1n the area between the pair of mask guides 42). Also,
a part ol projection optical system 16 described above 1is
arranged 1n between the pair of encoder bases 43. Encoder
base 43, as 1s shown 1n FIG. 2A, consists of a member
extending in the X-axis direction. Encoder head unit 44
(heremaftter simply referred to as head unit 44) 1s fixed 1n the
center 1n the longitudinal direction to each of the pair of
encoder bases 43. That 1s, head unit 44 1s fixed to apparatus
main section 18 (refer to FIG. 1), via encoder base 43. Since
ne pair of head units 44 1s substantially 1dentical, except for
ne point that the head units are arranged symmetrically 1n
ne vertical direction of the page surface on the +Y side and
ne —Y side of mask M, the description below 1s on only one
of the head units (on the -Y side).

As 1s shown 1n FIG. 2B, head umit 44 has a plurality of
heads whose position of a measurement beam, 1irradiated on
at least one of the plurality of scales 46 arranged in the
X-axis direction, 1s different in at least one of the X-axis
direction and the Y-axis direction, and a unit base 45
consisting ol a plate-shaped member having a rectangular
shape 1n a planar view. Fixed to unit base 45 are a pair of X
heads 49x arranged separately to each other that irradiates a
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measurement beam at a spacing larger than the spacing of a
pair of X scales 47x (grating areas) adjacent in the X-axis
direction, and a pair of Y heads 49y arranged separately to
cach other that wrradiates a measurement beam at a spacing
larger than the spacing of the pair of Y scales 47y (grating
areas ) adjacent in the X-axis direction. That 1s, mask encoder
system 48 has a total of four X heads 49x; one pair each on
both sides of the mounting area of mask M of mask holder
40 1n the Y-axis direction, along with a total of four Y heads
49y; one pair each on both sides of the mounting area of
mask M 1n the Y-axis direction. Note that the pair of X heads
49x or the pair of Y heads 49y does not necessarily have to
be arranged separate larger than the spacing of the pair of X
scales 49x or the pair of Y scales 49y, and may be arranged
at a spacing around the same or smaller scale spacing or may
be arranged in contact with each other, as long as a pair of
measurement beams 1s arranged larger than the scale spacing
in the X-axis direction. Also, in FIG. 2B, while one of X
head 49x and one of Y head 49y are housed together 1n a
housing and the other of X head 49x and the other of Y head
49y are housed together in another housing, the pair of X
heads 49x and the pair of Y heads 49y may each be arranged
independently. Also, 1n FIG. 2B, to facilitate understanding,
while the pair of X heads 49x and the pair of Y heads 49y
are 1llustrated to be arranged above (the +7 side of) scale 46,
the pair of X heads 49x 1s actually arranged below X scale
47y and the pair of Y heads 49y 1s actually arranged below
Y scale 47y (refer to FIG. 1). Also, the spacing (length 1n the
Y-axis direction) between X head 49x and Y head 49y whose
X positions are the same 1s set shorter than the width (length
in the Y-axis direction) of scale 49.

The pair of X heads 49x and the pair of Y heads 49y are
fixed to unit base 45 so that a position (especially the
position 1n a measurement direction (the X-axis direction))
of at least one of the pair of X heads 49x (measurement
beam) or head (measurement beam) spacing, and a position
(especially the position 1n a measurement direction (the
Y-axis direction)) of at least one of the pair of Y heads 49y
(measurement beam) or head (measurement beam) spacing
do not change due to vibration or the like. Also, unit base 45
itsell 1s also formed of a material whose coetlicient of
thermal expansion 1s lower than scale 46 (or 1s about the
same as scale 46), so that the position or spacing of the pair
of X heads 49x and the position or spacing of the pairof Y
heads 49y do not change due to temperature change or the

like.

X head 49x and Y head 49y are encoder heads of a
so-called diflraction interference method as 1s disclosed 1n
U.S. Patent Application Publication No. 2008/0094592 that
irradiate corresponding scales (X scale 47x, Y scale 47y)
with measurement beams, and by receiving the beams from
the scales, supply displacement amount information of mask
holder 40 (namely mask M, refer to FIG. 2A) to main
controller 90 (refer to FIG. 6). That 1s, 1n mask encoder
system 48, four X heads 49x and X scale 47x (diflers
depending on the X position of mask holder 40) facing the
X heads 49x structure four X linear encoders 92x (not shown
in FIG. 2B, refer to FIG. 6) for obtaining position informa-
tion of mask M 1n the X-axis direction, and four Y heads 49y
and Y scale 47y (diflers depending on the X position of mask
holder 40) facing the Y heads 49y structure four Y linear
encoders 92y (not shown in FIG. 2B, refer to FIG. 6) for
obtaining position information of mask M 1n the Y-axis
direction. In the embodiment, while a head 1s used whose
measurement direction 1s 1n one of two different directions
(coincides with the X-axis direction and the Y-axis direction)
within the XY plane, a head may be used whose measure-
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ment direction differs from one of the X-axis direction and
the Y-axis direction. For example, a head may be used whose
measurement direction 1s in a direction rotated by an angle
of 45 degrees with respect to the X-axis direction or the
Y-axis direction within the XY plane. Also, instead of a
one-dimensional head (an X head or a Y head) whose
measurement direction 1s 1 one of the two different direc-
tions within the XY plane, for example, a two-dimensional
head (an X7 head or a YZ head) whose measurement
direction 1s 1n two directions such as; one of the X-axis
direction and the Y-axis direction, and the Z-axis direction,
may be used. In this case, it also becomes possible to
measure position information of mask holder 40 in direc-
tions of three degrees of freedom (including the Z-axis
direction, the Ox direction, and the Oy direction, and 0x
direction 1s rolling information, Oy direction 1s pitching
information) different from the directions of three degrees of
freedom described above (the X-axis direction, the Y-axis

direction, and the Oz direction).

Main controller 90, as 1s shown 1n FIG. 6, obtains position
information of mask holder 40 (refer to FIG. 2A) in the
X-axis direction and the Y-axis direction, based on an output
of four X linear encoders 92x and four Y linear encoders 92y,
at a resolution of 10 nm or less. Also, main controller 90
obtains Oz position information (rotation amount informa-
tion) of mask holder 40, based on an output of at least two
of the four X linear encoders 92x (or four Y linear encoders
92y). Main controller 90 controls the position 1n the XY
plane of mask holder 40 using mask drive system 91, based
on position information in directions of three degrees of
freedom within the XY plane of mask holder 40 obtained
from measurement values of mask encoder system 48
described above.

Here, as 1s shown in FIG. 2A, 1n mask holder 40 as 1s
described above, 1n each of the areas on the +Y side and the
-Y side of mask M, three scales 46 are arranged in the
X-axis direction at a predetermined spacing. Also, at least in
scanning exposure of substrate P, of the three scales 46
arranged 1n the X-axis direction at a predetermined spacing
described above, mask holder 40 1s moved 1n the X-axis
direction between a position where head unit 44 (all the pair
of X heads 49x and the pair of Y heads 49y (each refer to
FIG. 3B)) faces scale 46 furthest to the +X side and a
position where head unit 44 faces scale 46 furthest to the —X
side. Note that 1n at least one of an exchange operation and
a pre-alignment operation of mask M, in the case mask
holder 40 1s moved away from the i1llumination area 1llumi-
nated with i1llumination light IL 1n the X-axis direction and
at least one head of head unit 44 moves ofl of scale 46, at
least one head may be provided arranged away from head
unit 44 1n the X-axis direction so that position measurement
of mask holder 40 by mask encoder system 48 can be
continued even 1n the exchange operation or the pre-align-
ment operation.

And, 1n mask stage device 14 of the embodiment, as 1s
shown 1n FIG. 2B, the spacing between each of the pair of
X heads 49x and the pair of Y heads 49y that one head unit
44 has 1s set larger than a pair of scales 46 adjacent to each
other of the plurality of scales 46. This allows at least one
head of the pair of X heads 49x to constantly face X scale
47x and at least one head of the pair of Y heads 49y to
constantly face Y scale 47y in mask encoder system 48.
Accordingly, mask encoder system 48 can supply position
information of mask holder 40 (refer to FIG. 2A) to main
controller 90 (refer to FIG. 6) without the position informa-
tion being cut off.
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To describe this specifically, 1 the case mask holder 40
(refer to FIG. 2A) moves to the +X side, mask encoder
system 48 goes through; a first state (the state shown 1n FIG.
2B) in which the pair of heads 49x both face X scale 47x on
the +X side of the adjacent pair of X scales 47x, a second
state 1n which X head 49x on the -X side faces an area
between the above adjacent pair of X scales 47x (facing
neither of the X scales 47x) and X head 49x on the +X side
faces X scale 47x on the +X side, a third state 1n which X
head 49x on the —X side faces X scale 47x on the —X side
and X head 49x on the +X side faces X scale 47x on the +X
side, a fourth state 1n which X head 49x on the —X side faces
X scale 47x on the —X side and X head 49x on the +X side
faces an area between a pair of X scales 47x (facing neither
of the X scales 47x), and a fifth state in which the pair of
heads 49x both face X scale 47x on the —X side, 1n the order
described above. Accordingly, at least one of the X heads
49x constantly faces X scale 47x.

Main controller 90 (refer to FIG. 6), in the first state, the
third state, and the fifth state described above, obtains X
position information of mask holder 40, based on an average
value of the output of the pair of X heads 49x. Also, main
controller 90, 1n the second state described above, obtains X
position mformation of mask holder 40, based on only the
output of X head 49x on the +X side, and 1n the fourth state
described above, obtains X position information of mask
holder 40, based on only the output of X head 49 on the -X
side. Accordingly, measurement values of mask encoder
system 48 are not cut off. Note that the X position infor-
mation may also be obtained using the output of only one of
the pair of X heads 49x also 1n the first state, the third state,
and the fifth state. However, 1n the second state and the
fourth state, in both the pair of head units 44 one of the pair
of X heads 49x and one of the Y heads 49y move off of scale
46 so that position information in the 0z direction (rotation
information) of mask holder 40 can no longer be acquired.
Theretfore, it 1s preferable to arrange the three scales 46
arranged on the +Y side and the three scales 46 arranged on
the —Y side with respect to the mounting area of mask M
shifted from one another so that the spacing between adja-
cent pair of scales 46 do not overlap 1n the X-axis direction,
and that even when X head 49x and Y head 49y move oil of
scale 46 1n one of the three scales 46 arranged on the +Y side
and the three scales 46 arranged on the -Y side, X head 49x
and Y head 49y do not move off 1n the other of the scales 46.
Or, the pair of head units 44 may be arranged shifted in the
X-axis direction only by a distance larger than the spacing
of an adjacent pair of scales 46 (width in a non-grating area).
This avoids the non-measurement period when measure-
ment beams move ofl (cannot measure) the grating area of
scale 46 1n the X-axis direction from overlapping in a total
of four heads; the pair of X heads 49x arranged on the +Y
side and the pair of X heads 49x arranged on the -Y side, and
makes 1t possible to constantly measure position information
in the 0z direction of mask holder 40 at least during scanning
exposure. Note that in at least one of the pair of head units
44, at least one head may be arranged which 1s arranged
apart 1n the X-axis direction with respect to at least one of
the pair of X heads 49x and the pair of Y heads 49y, so that
two heads face scale 46 1n at least one of X head 49x and Y
head 49y, also 1n the second state and 1n the fourth state.

Also, with mask encoder system 48 of the embodiment, 1n
order to avoid the measurement values of mask encoder
system 48 from being cut ofl, a linkage process 1s performed
on the output of the heads when the state moves between the
first, the third and the fifth states described above, namely
the state 1n which both heads of the pair face the scale and
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the output 1s supplied from each of the heads of the pair, and
the second and the fourth states, namely the state 1n which
only one of the heads of the pair faces the scale and the
output 1s supplied from only one of the heads of the pair. The
linkage process of the heads will be described below, using
FIGS. 3A to 3E. Note that to simplify the description, 1n
FIGS. 3A to 3E, a two-dimensional grating (grating) 1s to be
formed on scale 46. Also, the outputs of each of the heads
49x and 49y are to be 1deal values. Also, 1n the description
below, while the linkage process of the pair of X heads 49x
that are adjacent (to be referred to as 49x, and 49x, for
convenience) will be described, a similar linkage process 1s
performed also on the pair of Y heads 49y that are adjacent
(to be referred to as 49y, and 49y, for convenience).

As 1s shown 1n FIG. 3A, 1n the case each of the pair of X
heads 49x, and 49x, obtain X position information of mask
holder 40 (refer to FIG. 2A) using, of the pair of scales 46
that are adjacent (referred to as 46, and 46, for conve-
nience), scale 46, on the +X side, the pair of X heads 49x,
and 49x, both output X coordinate intformation. Here, the
outputs of the pair of X heads 49x, and 49x, become the
same value. Next, because X head 49x, moves outside the
measurement range of scale 46, when mask holder 40 1s
moved in the +X direction as 1s shown 1n FIG. 3B, the output
of X head 49x, 1s invalidated before X head 49x, moves
outside the measurement range. Accordingly, the X position
information of mask holder 40 1s obtained based only on the
output of X head 49.x,.

Also, when mask holder 40 (refer to FIG. 2A) 1s moved
further 1n the +X direction as 1s shown 1n FIG. 3C, X head
49x, faces scale 46, on the —X side. While X head 49x,
outputs the X position information of mask holder 40
immediately after measurement becomes possible using
scale 46,, because counting 1s resumed from an undefined
value (or zero) for the output of X head 49x,, the output
cannot be used for calculating the X position information of
mask holder 40. Accordingly, 1n this state, linkage process of
cach of the outputs of the pair of X heads 49x, and 49x,
becomes required. As the linkage process, specifically, a
process 1s performed to correct the output of X head 49x,
regarded as an undefined value (or zero) (so that the output
becomes the same value as that of X head 49x,), using the
output of X head 49x,. The linkage process 1s completed

betore mask holder 40 turther moves 1n the +X direction and
X head 49x, moves outside the measurement range of scale
46, as 1s shown 1 FIG. 3D.

Similarly, as 1s shown 1n FIG. 3D, 1n the case X head 49x,
moves outside the measurement range of scale 46,, the
output of X head 49x, 1s mvalidated before X head 49,
moves outside the measurement range. Accordingly, the X
position information of mask holder 40 (refer to FIG. 2A) 1s
obtained based only on the output of X head 49x,. Then, the
linkage process using the output of X head 49x, 1s performed
with respect to X head 49x,, immediately after mask holder
40 1s moved further in the +X direction and measurement
becomes possible with each of the pair of X heads 49x, and
49x, using scale 46, as 1s shown 1n FIG. 3E. Hereinafter, the
X position information of mask holder 40 1s obtained, based
on the outputs of each of the pair of X heads 49x, and 49x..

The linkage process above described so far 1s performed
on the premise that the positional relation of the four heads
(two X heads 49x and two Y heads 49y) that one head unit
44 has 1s known. The positional relation between each of the
heads can be obtained 1n a state where the four heads
described above face a common scale and using the scale 1s
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the state, or by using a measurement device (such as a laser
interferometer or a distance sensor) placed 1n between each
of the heads.

Note that while the linkage process described above was
performed based on the output of X head 49x, which forms
a pair with X head 49x, 1n the case X head 49x, moves into
an 1nvalidated (deactivated) state, the linkage 1s not limited
to this, and the linkage process may be performed, based on
the outputs of more heads (such as three or four). Also, the
linkage process may be performed using an average value of
the outputs of more heads. A modified example of the
linkage process will be described specifically below, using
FIGS. 10A to 10C. Note that for convenience, in FIGS. 10A
to 10C, the description will be made with four X heads 49x
represented by codes 49x,; to 49x,, and four Y heads 49y
represented by reference codes 49y, to 49y,. Also, the
description will be made with the pair of scales 46 which are
adjacent subject to the linkage process represented by codes
46, and 46.,.

With mask encoder system 48, since the plurality of scales
46 1s arranged separately placed in the X-axis direction,
when mask M 1s moved in the —X direction from a state
shown 1n FIG. 10A where the eight heads (X heads 49x, to
49x,, Y heads 49y, to 49y,) are 1n a state facing one of the
scales 46, a state occurs 1n which four heads (X heads 49x.,,
49x, and Y heads 49y,, 49y.) of the eight heads that the pair
of head umts 44 has whose X positions are the same
simultaneously move off of scale 49 (are deactivated), as 1s
shown 1n FIG. 10 B. As i1s described above, a control 1s
performed on the outputs of each of the heads that move ofl
of scale 49 so that the outputs become undefined values (or
ZEero).

Main controller 90 (refer to FIG. 6) performs a restoring
process (linkage process using the output values of the other
heads) of the output values of the deactivated heads before
the four heads (X heads 49x,, 49x.., Y heads 49y, 49y,) that
have moved into a deactivated state (a state 1n which the
output values are undefined) described above as 1s shown 1n
FIG. 10C face the other scale 46,. In the case of restoring the
output value of head 49y, 1n the deactivated state, of the four
heads (X heads 49x,, 49x;, Y heads 49y, 49y,) 1n an active
state, by using three arbitrary outputs (of e.g., X head 49x,,
Y heads 49y,, 49y,), position relation between the three
active heads and the deactivated head 49y, subject to the
linkage process 1s obtained. As 1s described above, the
positional relation between these heads 1s to be known.
Here, since the head which 1s intended to move into a
deactivated state next can be predicted 1n advance from the
movement direction of mask M, calculation for the linkage
process described above 1s performed before the four heads
subject to the linkage process actually move into the deac-
tivated state (the state shown 1n FIG. 10A). Also, since the
head which 1s mtended to move into the deactivated state
next can be predicted similarly in advance, in the state
shown 1n FIG. 10C just belfore a part of the heads move 1nto
the deactivated state, measurement of position mnformation
of mask M (position control of mask M) 1s performed, using
the outputs of the heads whose active state continue (X
heads 49x,, 49x.,, Y heads 49y,, 49y, 1n FIG. 10C), without
using the outputs of the heads which are mtended to move
into the deactivated state (X heads 49x,, 49x,, Y heads 49y,
49y, 1n FIG. 10C).

Main controller 90 (refer to FIG. 6) obtains position
information (position information in each of the X, the Y,
and the 0z directions) of the deactivated Y head 49y, from
the output values of the three active heads described above,
calculates (estimates) the output value of Y head 49y, based
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on the position information and uses this as the output value
of Y head 49y, that has been activated again. The same
applies to the linkage process performed on other heads (X
heads 49x,, 49x,, Y head 49y, ) shown 1n FIG. 10B which are
in the deactivated state.

Next, a structure of substrate encoder system 50 will be
described. Substrate encoder system 50, as 1s shown 1n FIG.
1, 1s equipped with a plurality of encoder scales 52 (over-
lapping 1n the depth of the page surface 1n FIG. 1, refer to
FIG. 4A) arranged at substrate stage device 20, a plurality of
(two, 1n the embodiment) encoder bases 54 fixed to the
lower surface of upper mount section 18a, a plurality of
encoder scales 56 fixed to the lower surfaces of encoder
bases 54, and a plurality of (two for one encoder base 54, in
the embodiment) encoder head units 60 (heremafter simply
referred to as head units 60). Note that since the two encoder
bases 54 are overlapping in a depth direction of the page
surface (the X-axis direction) 1n FIG. 1, encoder base 54 on
the +X side 1s hidden 1n the depth side of the page surface.
Similarly, the two head units 60 corresponding to encoder
base 54 on the —X side are hidden 1n the depth side of the
page surface of the two head units 60 corresponding to
encoder base 54 on the +X side.

As 1s shown modeled in FI1G. 4A, 1n substrate stage device
20 of the embodiment, 1n each of the areas on the +Y side
and on the -Y side of substrate P (substrate mounting area),
four encoder scales 52 (heremafter simply referred to as
scales 52) are arranged at a predetermined spacing in the
X-axis direction. That 1s, substrate stage device 20 has a total
of eight scales 52. Each of the plurality of scales 52 1is
substantially identical, except for the point that the scales are
arranged symmetrically in the vertical direction of the page
surtace on the +Y side and the —Y side of substrate P. Scale
52, similarly to scale 46 (each refer to FIG. 2A) of mask
encoder system 48 described above, consists of a rectangular
plate-shaped (strip-shaped) member 1n a planar view extend-
ing in the X-axis direction, made of quartz glass. Also, each
of the plurality of scales 52 has a grating area (grating
section) 1 which a reflective two-dimensional grating or
two retlective one-dimensional gratings with different (e.g.
orthogonal) arrangement directions (periodic directions) are
formed, and four scales 52 are provided on both sides of the
substrate mounting area in the Y-axis direction so that the
grating areas are arranged apart in the X-axis direction.

Note that in the embodiment, while the case 1s described
when the plurality of scales 52 1s fixed to the upper surface
of substrate holder 34, the position arranged of the plurality
of scales 52 1s not limited to this and may be arranged
separately (however, moving integrally with substrate
holder 34 1n directions of six degrees of freedom) on outer
side of substrate holder 34 in a state with a predetermined
gap between substrate holder 34. Note that the plurality of
scales 52 may be arranged on an upper surface of a substrate
table that has substrate holder 34 and can be finely drive 1n
at least the Z-axis direction, the 0x direction, and the Oy
direction, or on an upper surface of a substrate stage that
supports the substrate table 1n a finely movable manner.

As shown 1in FIG. 4B, X scales 53.x are formed on one side
(the -Y side 1n FIG. 4B) of the width direction 1n areas on
the upper surface of scales 52. Also, Y scales 53y are formed
on the other side (the +Y side in FIG. 4B) of the width
direction 1n areas on the upper surface of scales 52. Since the
structure of X scales 53x and Y scales 53y 1s the same as X
scales 47x and Y scales 47 y (each refer to FIG. 2B) formed
on scales 46 (each refer to FIG. 2A) of mask encoder system
48 described above, the description thereabout will be
omitted. Note that in the embodiment, while X scales 53x
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and Y scales 53y are formed 1n the same length in the X-axis
direction within scales 52 formed on substrate holder 34, the
X scales and Y scales may be made to have a length different
from each other. Also, the X scales 53x and Y scales 53y may
be arranged, relatively shifted 1n the X-axis direction.

Referring back to FIG. 4A, the two encoder bases 34 (and
the corresponding two head units 60) are placed apart 1n the
X-axis direction. Since the structure of the two encoder
bases 54 1s substantially the same except for the point that
the arrangement 1s different, 1n the description below, one of
the encoder base 54 and the pair of head units 60 corre-
sponding to encoder base 54 will be described.

Encoder base 54 consists of a plate-like member extend-
ing 1n the Y-axis direction, and as 1s shown 1n FIG. 1, 1s fixed
to the lower surface of upper mount section 18a. In the
embodiment, as 1s shown 1n FIG. 4A, while the X positions
of the two encoder bases 54 partly overlap the X position of
projection optical system 16, encoder bases 54 and projec-
tion optical system 16 are arranged mechanically separated
(1n a non-contact state). Note that encoder bases 54 may be
arranged separately on the +Y side and the -Y side of
projection optical system 16.

To the lower surfaces of encoder bases 54, a plurality of
encoder scales 56 (hereinafter simply referred to as scales
56) 1s fixed. In the embodiment, as 1s shown in FIG. 4A, two
scales 56 are arranged 1n an area further to the +Y side of
projection optical system 16 and two scales 56 are arranged
in an area further to the -Y side of projection optical system
16, with the two scales each arranged separately in the
Y-axis direction. That 1s, to encoder base 54, a total of four
scales 56 are fixed. Scales 56, which consist of plate-like
(strip-shaped) members with a rectangular-shape 1n a planar
view extending in the Y-axis direction, are made of quartz
glass, similarly to scales 32 arranged on substrate stage
device 20. Each of the plurality of scales 56 has a grating
area (grating section) in which a retlective two-dimensional
grating or two reflective one-dimensional gratings with
different (e.g. orthogonal) arrangement directions (periodic
directions) are formed, and in the embodiment, similar to
scale 46 and scale 52, scale 56 has an X scale on which a
one-dimensional grating whose arrangement direction (peri-
odic direction) 1s 1n the X-axis direction 1s formed and a Y
scale on which a one-dimensional grating whose arrange-
ment direction (periodic direction) 1s in the Y-axis direction
1s Tormed, and two scales each are arranged on both sides of
projection optical system 16 1n the Y-axis direction, with the
grating arcas of the two scales set apart from each other 1n
the Y-axis direction. Note that to facilitate understanding,
while the plurality of scales 56 1llustrated in solid lines are
illustrated as 11 the scales were arranged on the upper surface
of encoder base 54 1n FIG. 4A, the plurality of scales 56 are
actually arranged at the lower surface side of encoder base
54, as shown 1n FIG. 1. Note that while two each of scales
56 are provided at the +Y side and the -Y side of projection
optical system 16 1n the embodiment, the number of scales
56 provided does not have to be two, but may be one, three,
or more. Also, while scale 56 1s to be provided with the
grating surface facing downward (so that the grating area
becomes parallel to the XY plane) 1in the embodiment, scale
56 may be provided, for example, so that the grating area
becomes parallel to the YZ plane.

As shown 1n FIG. 4C, X scales 57x are formed 1n areas on
one side (the +X side 1n FIG. 4C) 1n the width direction at
the lower surface of scales 56. Also, Y scales 57y are formed
in areas on the other side (the —X side 1 FIG. 4C) 1n the
width direction at the lower surface of scales 36. Since the
structure of X scales 57x and Y scales 57y 1s the same as X
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scales 47x and Y scales 47y (each refer to FIG. 2B) formed
on scales 46 (each refer to FIG. 2A) of mask encoder system
48 described above, the description thereabout will be
omitted.

Referring back to FIG. 1, the two head units 60 are
arranged apart 1n the Y-axis direction below encoder base 54.
Since each of the two head units 60 1s substantially the same
except for the point that the units are placed symmetrically
in the lateral direction 1 the page surface in FIG. 1, herein-
alter only one of the units (at the —Y side) will be described.
Head unit 60, as 1t can be seen from FIGS. 4B and 4C, 1s
equipped with Y slide table 62, a pair of X heads 64x, a pair
ol Y heads 64y, a pair of X heads 66x, and a pair of Y heads
66y. Note that the pair of head units 60 1n the embodiment
has the same structure as the pair of head units 44 of mask
encoder system 48, except for the point that the pair of head
units 1s rotated by 90 degrees.

Y slide table 62, which consists of a plate-like member
having a rectangular-shape 1n a planar view, 1s placed below
encoder base 54 via a predetermined clearance with respect
to encoder base 54. Also, the Z position of Y slide table 62
1s set to be on the +7 side than that of substrate holder 34
which substrate stage device 20 has (each refer to FIG. 1),
regardless of the Z tilt position of substrate holder 34.

Y slide table 62 1s moved 1n long strokes in the Y-axis
direction by head unit drive system 86 (refer to FIG. 6) that
includes an actuator such as a linear motor. A mechanical
linear guide device 1s provided for guiding Y slide table 62
straightly 1n the Y-axis direction, in between Y slide table 62
and encoder base 54. Also, relative movement 1n the X-axis
direction of Y shide table 62 1s limited with respect to
encoder base 54 by the operation of the linear guide device
described above.

Main controller 90 (refer to FIG. 6) synchronously moves,
as appropriate, one of the head units 60 (the +Y side) placed
turther to the +Y side than projection optical system 16
below two scales 56, and the other of the head units 60 (the
-Y side) placed turther to the —Y side than projection optical
system 16 below two scales 56, in predetermined strokes 1n
the Y-axis direction. Here, while the pair of head units 60
may be moved synchronously with the movement of sub-
strate stage device 20 1n the Y-axis direction, 1in the embodi-
ment, the pair of head units 60 1s moved so that with each

of the pair of head units 60, not all measurement beams of
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of the grating area of scale 52 (at least 1rradiation of one
measurement beam on the grating area 1s maintained) 1n the
Y-axis direction. Note that while a linear motor 1s used as the
actuator for moving Y slide table 62 in the embodiment, the
embodiment 1s not limited to this, and the actuator may be
other driving devices such as a belt driver, a feed screw
device or the like. Note that in the embodiment, while the
structure 1s employed in which Y slide table 62 1s provided
at the lower surface (refer to FIG. 4) of upper mount section
18a of apparatus main section 18, Y slide table 62 may be
provided at lower mount section 185 or at middle mount
section 18b.

X head 64x, Y head 64y, X head 66x, and Y head 66y are
cach an encoder head of the so-called difiraction interfer-
ence method similar to X head 49x and Y head 49y (each
refer to FIG. 2B) that mask encoder system 48 describe
above has, and are fixed to Y slide table 62. Here, with head
units 60, the pair of Y heads 64y, the pair of X heads 64x,
the pair o1 Y heads 66y, and the pair of X heads 66x are fixed
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to Y slide table 62, so that the distance between the heads of 65

cach pair does not change due to vibration or the like. Also,
Y slide table 62 1tself 1s formed of a material having a
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thermal expansion coetlicient lower than scales 52 and 56
(or equal to scales 52 and 56), so that the mutual distance
between; the pair of Y heads 64y, the pair of X heads 64x,
the pair ol Y heads 66y, and the pair of X heads 66x, does
not change due to temperature change or the like. Also, the
spacing (length in the X-axis direction) between X head 64x
and Y head 64y whose Y positions are the same 1s set shorter
than the width (length in the X-axis direction) of scale 56.
Similarly, the spacing (length 1n the Y-axis direction)
between X head 66x and Y head 66y whose X positions are
the same 1s set shorter than the width (length 1n the Y-axis
direction) of scale 52.

As shown 1n FIG. 5, each of the pair of X heads 64x
irradiates two places (two points) separate from each other
in the Y-axis direction on X scale 57x with a measurement
beam, and each of the pair of Y heads 64y irradiates two
places (two points) separate from each other 1n the Y-axis
direction on Y scale 57y with a measurement beam. At
substrate encoder system 50, by receiving beams from scales
corresponding to the X heads 64x and Y heads 64y described
above, information on displacement quantity of Y slide table
62 (not shown i FIG. §; refer to FIGS. 4B and 4C) 1s
supplied to main controller 90 (refer to FIG. 6).

That 1s, 1n substrate encoder system 30, by eight (2x4) X
heads 64x and X scales 57x (diflerent depending on the Y

position of Y slide table 62) facing the X heads 64x, eight X

linear encoders 96x (not shown 1n FIG. 5; refer to FIG. 6) are
structured, used for acquiring position information 1n the
Y-axis direction of each of the four Y slide tables 62 (that 1s,
the four head units 60 (refer to FIG. 1)), and by eight (2x4)
Y heads 64y and Y scales 57y (different depending on the Y
position of Y slide table 62) facing the Y heads 64y, eight Y

linear encoders 96y (not shown 1n FIG. 5; refer to FIG. 6) are
structured, used for acquiring position information in the
Y-axis direction of each of the four Y slide tables 62.

Main controller 90, as shown 1n FIG. 6, acquires position
information of each of the four head units 60 (refer to FIG.
1) 1n the X-axis direction and the Y-axis direction, based on
the output of the eight X linear encoders 96x and the eight
Y linear encoders 96y, at a resolution of 10 nm or less. Also,

main controller 90 obtains 0z position information (rotation
amount information) of one head unit 60, based on outputs
of the two X linear encoders 96x (or the two Y linear
encoders 96y) corresponding to the one head unit 60. Main
controller 90 controls the position of head units 60 in the XY
plane using head unit drive system 86 (refer to FIG. 6),
based on the position information of each of the four head
units 60 within the XY plane.

Now, as shown 1n FIG. 4A, at encoder base 54, two scales
56 are arranged at a predetermined spacing in the Y-axis
direction 1n areas at the +Y side and -Y side of projection
optical system 16, as 1s described above.

Similarly to the above mask encoder system 48, also in
substrate encoder system 50, the spacing between each head
of the pair of X heads 64x and each head of the pair of Y
head 64y that one head unit 60 has 1s set wider than the
spacing between the adjacent scales 56, as shown in FIG.
4C. This allows at least one head of the pair of X heads 64x
to constantly face X scale 57x and at least one head of the
pair of Y heads 64y to constantly face Y scale 57y, i
substrate encoder system 50. Substrate encoder system 30,
therefore, 1s able to acquire position mformation of Y slide
table 62 (head umits 60) without interrupting the measure-
ment values. Accordingly, linkage process (refer to FIGS.

3Ato 3E, orto FIGS. 10A to 10C) of the outputs of the heads
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similar to the linkage process of the outputs of the heads 1n
mask encoder system 48 described above 1s performed here
as well.

Main controller 90, as 1s shown 1n FIG. 6, obtains position
information in the X-axis direction and the Y-axis direction
of substrate holder 34 (refer to FIG. 1) with respect to
apparatus main section 18 (refer to FIG. 1) at a resolution of
10 nm or less, based on outputs of the eight X linear
encoders 94x, the eight Y linear encoders 94y, and outputs
of the eight X linear encoders 96x, and the eight Y linear
encoders 96y (that 1s, position mformation of each of the
four head units 60 in the XY plane). Also, main controller 90
obtains Oz position information (rotation quantity informa-
tion) of substrate holder 34, based on at least two outputs of
eight X linear encoders 94x (or, eight Y linear encoders 94y).
Main controller 90 controls the position of substrate holder
34 within the XY plane using substrate driving system 93,
based on position information of substrate holder 34 within
the XY plane obtained from the measurement values of the
above substrate encoder system 50.

Also, since substrate P 1s moved rotationally at a fine
angle 1n the 0z direction also during exposure operation, to
make obtaining position information of substrate P 1n the Oz
direction possible, 1n substrate encoder system 50, of the
total of 16 heads facing downward (eight X heads 66x and
eight Y heads 66y), spacing between each of the heads and
spacing between each of the scales are set so that at least
three heads constantly face either of the scales. This allows
a state to be maintained in which position information in
directions of three degrees of freedom (X, Y, 8z) within the
horizontal plane of substrate holder 34 can be obtained
constantly during the exposure operation.

Also, as 1s shown 1 FIG. 3A, substrate holder 34, as 1s
described above, has four scales 52 which are placed at a
predetermined spacing in the X-axis direction in each of the
areas on the +Y side and the -Y side of substrate P.

Similarly to the above mask encoder system 48, the
spacing between the heads of the pair of X heads 66x and
heads of the pair of Y heads 66y that one head unit 60 has
1s set wider than the spacing between adjacent scales 52, as
shown 1n FIG. 4B. This allows at least one head of the pair
of X heads 66x to constantly face X scale 53x and at least
one head of the pair of Y heads 66y to constantly face Y scale
53y, 1n substrate encoder system 50. Substrate encoder
system 30, therefore, 1s able to obtain position information
of substrate holder 34 (refer to FIG. 4A) without interrupting
the measurement values. Accordingly, linkage process (refer
to FIGS. 3A to 3E, or to FIGS. 10A to 10C) of the outputs
of the heads similar to the linkage process of the outputs of
the heads 1n mask encoder system 48 described above 1s
performed here as well.

Note that all descriptions (including explanatory notes) on
heads and scales structuring mask encoder system 48 pre-
viously described may be applied similarly, as for the pair of
Y heads 64y, the pair of X heads 64x, the pair of Y heads 66y,
and the pair of X heads 66x that each of the pair of head units
60 of substrate encoder system 350 has and scales 56 and 52
irradiated with the measurement beams from these heads.

Note that 1 the first modified example (refer to FIGS.
10A to 10C) of the linkage process described above, while
the linkage process was performed using the four heads (that
1s, a total of eight heads) that each of the pair of head units
44 (or head units 60) has arranged on the +Y side and the -Y
side of mask M (or substrate P), as for the linkage process
of the heads facing downward (X heads 66x, Y heads 66y)
for obtaining position information of substrate holder 34, a
linkage process shown i FIGS. 11A to 11F can also be
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performed. A second modified example of the linkage pro-
cess will be described specifically below, using FIGS. 11A
to 11F. Note that for convenience, 1n FIGS. 11A to 11F, the
description will be made with the four heads facing down-
ward represented by codes X heads 66x,, 66x,, and Y heads
66y1,, 66y,, along with the four heads facing upward repre-
sented by reference codes X heads 64x,, 64x,, and Y heads
64y, 64y,. Also, the description will be made with the pair
of scales 52 which are adjacent subject to the linkage process
represented by codes 52, and 32,. Also, FIGS. 11B, 11D,
and 11F are views corresponding to FIGS. 11A, 11C, and
11E, respectively.

Also 1 the second modified example of the linkage
process, head unit 60 has four encoder heads facing down-
ward (X heads 66x,, 66x,, and Y heads 66y, 66y,) as 1s
shown 1n FIG. 11 A, and the linkage process 1s performed on
the assumption that the positional relation between these
four heads 1s known. Furthermore, head unit 60, as 1s shown
in FIG. 11B, also has four encoder heads facing upward (X
heads 64x,, 64x,, and Y heads 64y,, 64y,), and the linkage
process 1s performed on the assumption that the positional
relation between these four heads 1s also known. Positional
relation between these heads can be obtained 1n a state by
using corresponding scales (scales 52 or scales 56) when
cach of the four heads facing upward or each of the four
heads facing downward faces the corresponding scales, or
by using a measurement device (such as a laser interferom-
cter) arranged between each of the heads. Here, in the
linkage process of the modified example, the linkage process
1s performed on the assumption that during the linkage
process, the four heads facing upward (X heads 64x,, 64x,,
and Y heads 64y,, 64v,) do not move ofl of scale 56 fixed
to apparatus main section 18 (refer to FIG. 1). Furthermore,
the linkage process 1s performed also on the assumption that
orid error between scale 56 (fixed) and scale 52 (movable)

on the substrate holder (refer to FIG. 4A) 1s known.

In the first modified example (refer to FIGS. 10A to 10C)
described above, while output values of heads that have been
deactivated are restored of the total of eight heads, using the
total of eight heads that the pair of head units 44 has, in the
second modified example, 1n the case two heads move 1nto
a deactivated state of the four heads facing downward (X
heads 66x,, 66x,, and Y heads 66y,, 66v,) that one head unit
60 has, output values of the deactivated heads described
above are restored, using output values of the four heads (X
heads 64x,, 64x,, and Y heads 64y,, 64y,) facing upward.

To describe this specifically, with substrate encoder sys-
tem 50, as 1s shown 1n FIG. 11 A, since scales 52, and 51, are
arranged separately placed in the X-axis direction, when
substrate P 1s moved 1n the —X direction from a state where
the four heads (X heads 66x,, 66x,, and Y heads 66y, 66y ,)
face one of the scales 52, a state occurs 1n which of the four
heads that head unit 60 has, two heads (X head 49x, and Y
head 49y,) whose X positions are the same simultaneously
move ofl of scales 52, and 51, (are deactivated), as 1s shown
in FIG. 11C. As 1s described above, a control 1s performed
on the outputs of each of the heads that move ofl of scales
52, and 52, so that the outputs become undefined values (or
zero). Also, as 1s described above, when substrate P 1s moved
in the X-axis direction, head unit 60 1s controlled (refer to
FIGS. 11B, 11D, and 11F), so that the position within respect
to scale 56 which 1s fixed does not change.

Main controller 90 (refer to FIG. 6) performs a restoring
process (linkage process using the output values of the other
heads) of the output values of the deactivated heads before
the two heads (X head 66x, and Y head 66vy,) that have

moved mto a deactivated state (a state in which the output
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values are undefined) described above as 1s shown 1n FIG.
11E face the other scale 352,. In the case of restoring the
output value of head 66y, in the deactivated state, of the six
heads (X heads 66x,, 64x,, 64x, and Y heads 66y, 64vy,,
64v,) 1n an active state, by using three arbitrary outputs (of
¢.g., X head 66x,, Y heads 66y,, 64y,), position relation
between the three active heads and the deactivated head 66y,
subject to the linkage process 1s obtained. As 1s described
above, the positional relation between these heads 1s to be
known. Also, the active three heads used in the linkage
process described above includes at least one head (one of
X head 66x,, X heads 64x,, and 64x, in the example above)
whose measurement direction 1s 1n the X-axis direction and
at least one head (one of Y head 66y, Y heads 64y, and 64y,
in the example above) whose measurement direction 1s 1n
the Y-axis direction.

Main controller 90 (refer to FIG. 6) obtains position
information (position mmformation in each of the X, the Y,
and the 0z directions) of the deactivated Y head 66y, from
the output values of the three active heads described above,
calculates (estimates) the output value of Y head 66y, based
on the position mformation, and uses this as the output value
of Y head 66y, that has been activated again. The same
applies to the linkage process performed on X head 66x,
shown 1n FIG. 11C which 1s 1n the deactivated state.

FIG. 6 1s a block diagram showing an input/output rela-
tion of main controller 90, which mainly structures a control
system of liquid crystal exposure apparatus 10 (refer to FIG.
1) and has overall control over each section. Main controller
90, which includes a work station (or a microcomputer) or
the like, has overall control over each section of liquid
crystal exposure apparatus 10.

In liquid crystal exposure apparatus 10 (refer to FIG. 1)
having the structure described above, under the control of
main controller 90 (refer to FIG. 6), a mask loader not shown
performs loading of mask M onto mask stage device 14, and
a substrate loader not shown performs loading of substrate
P onto substrate stage device 20 (substrate holder 34). Main
controller 90 then executes alignment measurement (detec-
tion of a plurality of alignment marks on substrate P) using
an alignment detection system not shown, and then, when
the alignment measurement has been completed, sequen-
tially performs an exposure operation of a step-and-scan
method on a plurality of shot areas set on substrate P. Note
that position information of substrate holder 34 1s measured
by substrate encoder system 30 also in the alignment mea-
surement operation.

Next, an example of an operation of mask stage device 14
and substrate stage device 20 at the time of exposure
operation will be described, using FIGS. 7A to 9B. Note that,
in the description below, while the case of setting four shot
areas on one substrate P (in the case of a four-piece setting)
will be described, the number and placement of the shot
areas set on one substrate P can be appropriately changed.

FIG. 7A shows mask stage device 14 which has com-
pleted alignment operation, and FIG. 7B shows substrate
stage device 20 (members other than substrate holder 34 are
not shown. The same applies to the description below)
which has completed alignment operation. Exposure pro-
cessing, as an example, 1s performed from a first shot area
S1 which 1s set at the -Y side and also the +X side of
substrate P, as shown in FIG. 7B. In mask stage device 14,
positioning of mask M 1s performed based on the output of
mask encoder system 48 (refer to FIG. 6), so that the edge
at the +X side of mask M 1s positioned slightly to the —X side
than the illumination area (in the state shown in FIG. 7A,
however, 1llumination light IL 1s not irradiated yet on mask
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M) of illumination light IL 1wrradiated from illumination
system 12 (refer to FIG. 1 for each section), as shown 1n
FIG. 7A.

To be more specific, the edge at the +X side of mask M
1s placed to the —X side with respect to the 1llumination area,
only by an entrance length necessary to perform scanning
exposure at a predetermined speed (that 1s, acceleration
distance necessary to reach the predetermined speed), and at
the position, scales 46 are arranged so that the position of
mask M can be measured with mask encoder system 48.
Main controller 90 (refer to FIG. 6) also performs position
control of mask holder 40 within a range 1n which at least
three heads (three heads of four heads 49x and four heads
49y) do not move off (do not move outside the measurement
range) of scales 46.

Also, 1n substrate stage device 20, positioning of substrate
P 1s performed based on the output of substrate encoder
system 50 (refer to FIG. 6), so that the edge at the +X side
of the first shot area 81 1s positioned slightly to the —X side
than the exposure area (in the state shown in FIG. 7B,
however, illumination light IL 1s not 1rradiated yet on
substrate P) on which illumination light IL (refer to FIG. 1)
from projection optical system 16 1s irradiated, as shown 1n
FIG. 7B. To be more specific, the edge at the +X side of the
first shot area S1 of substrate P 1s placed to the —X side with
respect to the exposure area, only by an entrance length
necessary to perform scanning exposure at a predetermined
speed (that 1s, acceleration distance necessary to reach the
predetermined speed), and at the position, scales 52 are
arranged so that the position of substrate P can be measured
with substrate encoder system 50. Main controller 90 (refer
to FIG. 6) also performs position control of substrate holder
34 within a range 1n which at least three (three of eight heads
66x and ecight heads 66y) heads do not move off (do not
move outside the measurement range) ol scales 52.

Note that also when scanning exposure of the shot areas
has been completed and mask M and substrate P are decel-
erated, scales 46 and 32 are arranged similarly so that mask
encoder system 48 and substrate encoder system 50 can
measure the position of mask M and substrate P, respec-
tively, until mask M and substrate P has finished moving
turther by a deceleration distance necessary for deceleration
to a predetermined speed from the speed at the time of
scanning exposure. Alternatively, the position of mask M
and substrate P may each be measured by measurement
systems different from mask encoder system 48 and sub-
strate encoder system 50, during at least one of the opera-
tions ol acceleration and deceleration.

Next, mask holder 40 1s moved in the +X direction
(acceleration, constant speed drive, and deceleration) as
shown 1n FIG. 8A, and synchronously with mask holder 40,
substrate holder 34 1s moved 1n the +X direction (accelera-
tion, constant speed drive, and deceleration) as shown in
FIG. 8B. When mask holder 40 1s moved, main controller 90
(refer to FIG. 6) performs position control of mask M based
on the output of mask encoder system 48 (refer to FIG. 6)
as well as perform position control of substrate P based on
the output of substrate encoder system 50 (refer to FIG. 6).
When substrate holder 34 1s moved 1n the X-axis direction,
the four head umts 60 are to be 1n a stationary state. While
mask holder 40 and substrate holder 34 are moved at a
constant speed 1n the X-axis direction, 1llumination light IL
(refer to FIG. 1 for each part) that has passed through mask
M and projection optical system 16 1s irradiated on substrate
P, and by this operation, the mask pattern that mask M has
1s transierred to shot area S1. Note that since substrate
holder 34 1s moved 1n fine strokes 1n the Y-axis direction at
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the time of scanning exposure, i the case measurement
beams from each of the heads 66s and 66y may possibly
move ofl of the corresponding scales 33x and 33y, head unit
60 may be moved in fine strokes in the Y-axis direction
synchronously with substrate holder 34 at the time of
scanning operation.

When transier of the mask pattern to the first shot area on
substrate P 1s been completed, 1n substrate stage device 20,
substrate holder 34 1s moved (Y step) based on the output of
substrate encoder system 30 (refer to FIG. 6) in the -Y
direction by a predetermined distance (a distance almost half
of the dimension 1n the width direction of substrate P), for
exposure operation of a second shot area S2 set at the +Y
side of the first shot area S1, as shown 1n FIG. 9B. In the
above Y stepping operation of substrate holder 34, mask
holder 40 1s stationary in a state where the edge of mask M
at the —X side 1s positioned slightly to the +X side than the
illumination area (in the state shown 1n FIG. 9A, however,
mask M 1s not i1lluminated), as shown in FIG. 9A.

In the above Y stepping operation of substrate holder 34,
as shown 1n FIG. 9B, at substrate stage device 20, the four
head units 60 are moved in the Y-axis direction synchro-
nously with substrate holder 34. That 1s, as 1s shown 1n FIG.
6, main controller 90, of substrate encoder system 350, moves
the four head units 60 1n the Y-axis direction via the head
unit drive system 86, based on the output of Y linear
encoders 96y, while moving substrate holder 34 1n the Y-axis
direction to a target position via substrate driving system 93,
based on the output of Y linear encoders 94y. On this
operation, main controller 90 moves the four of head units
60 synchronously with substrate holder 34 (so that the four
head units 60 follow substrate holder 34). Also, main
controller 90 performs position control of Y slide table 62
within a range in which at least one head of the plurality of
heads 64x and 64y does not move off (does not move outside
the measurement range) ol scales 56.

Accordingly, each of the measurement beams 1rradiated
from X heads 66x and Y heads 66y (refer to FIG. 3 for each
head) does not move away from X scales 33x and Y scales
53y (refer to FIG. § for each scale), regardless of the Y
position of substrate holder 34 (including when substrate
holder 34 1s moving). In other words, the four head units 60
should move synchronously with substrate holder 34 in the
Y-axis direction, at a degree 1n which each of the measure-
ment beams 1rradiated from X heads 66x and Y heads 66y
while substrate holder 34 1s moved 1n the Y-axis direction
(during the Y stepping operation) do not move away from X
scales 33x and Y scales 53y, that 1s, at a degree 1n which
measurement by the measurement beams from X heads 66x
and Y heads 66y i1s not interrupted (measurement can be
continued).

On this operation, movement of Y slide table 62 (X heads
64x, 66x, Y heads 64y, 66y) 1n the step direction may be
started prior to substrate holder 34, before movement of
substrate holder 34 in the step direction (the Y-axis direc-
tion) 1s started. This allows acceleration of each of the heads
to be suppressed, and furthermore, allows tilt (inclining
forward 1n the advancing direction) of each of the heads to
be suppressed. Also, instead of this, movement of Y slide
table 62 1n the step direction may be started later than
substrate holder 34.

In the description below, although 1t 1s not 1illustrated,
when the Y stepping operation of substrate holder 34 1s
completed, mask holder 40 1s moved in the —X direction
based on the output of mask encoder system 48 (refer to FIG.
6), and synchronously with mask holder 40, substrate holder
34 1s moved 1n the -X direction based on the output of
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substrate encoder system 50 (refer to FIG. 6). This allows
the mask pattern to be transierred to the second shot area S2.
The four head units 60 1s to be 1n a stationary state also on
this operation. Hereinafter, by appropnately repeating the
scanning operation of mask holder 40, the Y stepping
operation of substrate holder 34, and the scanning operation
ol substrate holder 34 described above, the mask pattern 1s
sequentially transierred with respect to the plurality of shot
areas on substrate P. In the exposure operation described
above, the pair of head units 60 1s moved in the same
direction by the same distance as substrate holder 34 each
time substrate holder 34 is stepped 1n the +Y direction and
the -Y direction, so that the state facing scales 356 1s
maintained.

Here, as 1s described above, at the time of Y stepping
operation of substrate holder 34 described above, 1n sub-
strate stage device 20, four Y sliders 76 are moved 1n the
Y-axis direction synchronously with substrate holder 34.
That 1s, main controller 90 (refer to FIG. 6), moves Y sliders
76 1n the Y-axis direction based on an output of a Y slider
position measurement system 80 (refer to FIG. 4; an encoder
system 1n this case), while moving substrate holder 34 1n the
Y-axis direction to a target position based on the output of
the encoder system. On this operation, main controller 90
moves Y sliders 76 synchronously with substrate holder 34
(so that Y sliders 76 follow substrate holder 34). Also, main
controller 90 performs position control ol Y sliders 76 within
a range 1n which at least one head of a plurality of heads
384x and 384y does not move off (does not move outside the
measurement range) of a scale plate 340.

Accordingly, each of the measurement beams 1irradiated
from X heads 384x and Y heads 384y (refer to FIG. 20 for
cach head) does not move away from X scales 342x and Y
scales 342y (refer to FIG. 20 for each scale), regardless of
the Y position of substrate holder 34 (including when
substrate holder 34 1s moving). In other words, for example,
two Y sliders 76 should move synchronously with substrate
holder 34 in the Y-axis direction, at a degree 1n which each
of the measurement beams 1rradiated from X heads 384x and
Y heads 384y while substrate holder 34 1s moved i the
Y-axis direction (during the Y stepping operation) do not
move away from X scales 342x and Y scales 342y, that 1s,
at a degree in which measurement by the measurement
beams from X heads 384x and Y heads 384y 1s not inter-
rupted (measurement can be continued). That 1s, the move-
ment of the pair of head units 60 and substrate holder 34 in
the Y-axis direction does not have to be synchronous, or a
follow-up movement.

On this operation, movement of Y shider 76 (X heads
384x, 386x, Y heads 384y, 386y ) 1n the step direction may be
started prior to substrate holder 34, before movement of
substrate holder 34 in the step direction (the Y-axis direc-
tion) 1s started. This allows acceleration of each of the heads
to be suppressed, and furthermore, allows tilt (inclining
forward 1n the advancing direction) of each of the heads to
be suppressed. Also, instead of this, movement ol Y slider 76
in the step direction may be started later than substrate
holder 34.

Also, when the Y stepping operation of substrate holder
34 1s completed, mask M (refer to FIG. 1) 1s moved 1n the
—-X direction based on the output of mask stage position
measurement system 54 (refer to FIG. 4), and synchronously
with mask M, by substrate holder 34 being moved in the -X
direction based on the output of a position measurement
system within the horizontal plane of the substrate stage
(refer to FIG. 4; encoder system 1n this case), the mask
pattern 1s transferred onto the shot area of substrate P. On
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this operation, for example, the two sliders 76 are to be 1n a
stationary state. With liquid crystal exposure apparatus 10,
by appropriately repeating the scanning operation of mask
M, the Y stepping operation of substrate holder 34, and the
scanning operation of substrate holder 34 described above,
the mask pattern 1s sequentially transferred with respect to
the plurality of shot areas on substrate P. In the exposure
operation described above, for example, the two Y sliders 76
are moved 1n the same direction by the same distance as
substrate holder 34 each time substrate holder 34 1s stepped
in the +Y direction and the -Y direction, so that the state
facing target 338 (scale plate 340) 1s maintained.

Here, as 1s described above, Y scale 53y has a plurality of
orid lines extending in the X-axis direction. Also, as 1s
shown 1n FIG. 20, an 1rradiation point 66y (the same code as
the Y head 1s used for convenience) of the measurement
beam from Y head 66y irradiated on Y scale 33y 1s elliptic,
with the long axis direction being in the Y-axis direction.
With Y linear encoder 94y (refer to FI1G. 6), when Y head 66y
and Y scale 53y are relatively moved 1n the Y-axis direction
and the measurement beam crosses over the grid lines, the
output from Y head 66y changes, based on phase change of
+1°* order diffracted light from the irradiation point.

Meanwhile, main controller 90 (refer to FIG. 6) controls
position (Y position) 1n the step direction of head unit 60
during the scanning exposure operation described above, so
that Y head 66y that head unit 60 (refer to FIG. 4B) has does
not cross over the plurality of grid lines forming Y scale 53y,
that 1s, the output from Y head 66y does not change (the
change remains zero ), when substrate holder 34 1s moved 1n
the scanning direction (the X-axis direction).

Specifically, the Y position of Y head 66y 1s measured by
a sensor having resolution higher than the pitch between the
orid lines that structure Y scale 53, and just before the
irradiation point of the measurement beam from Y head 66y
crosses the grid lines (when the output o1 Y head 66y 1s about
to change), the Y position of Y head 66y 1s controlled via
head unit drive system 86 (refer to FIG. 6). Note that this 1s
not limited, and for example, 1n the case the output o1 Y head
66y changes by the measurement beam from Y head 66y
crossing over the grid lines, by controlling the drive of Y
head 66y according to the change, the change of the output
from Y head 66y may be substantially canceled. In this case
the sensor to measure the Y position of Y head 66y 1s not
required.

As 15 described so far, with liquid crystal exposure appa-
ratus 10 according to the present embodiment, because mask
encoder system 48 for acquiring the position information of
mask M within the XY plane and substrate encoder system
50 for acquiring the position information of substrate P
within the XY plane (refer to FIG. 1 for each system) each
has a short optical path length of the measurement beams
irradiated on the corresponding scales, the influence of air
fluctuation can be reduced when compared to conventional
interferometer systems. Therefore, the positioning accuracy
of mask M and substrate P improves. Also, since the
influence of air tluctuation 1s small, partial air-conditioning
unit which 1s indispensable when using a conventional
interferometer system can be omitted, which allows cost
reduction.

Furthermore, 1n the case of using the interferometer
system, large and heavy bar mirrors had to be equipped 1n
mask stage device 14 and substrate stage device 20, how-
ever, with mask encoder system 48 and substrate encoder
system 30 according to the present embodiment, the above
bar mirrors will not be necessary; therefore, the system
including mask holder 40 (e.g. mask stage device) and the
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system 1ncluding substrate holder 34 (e.g. substrate stage
device) each becomes more compact and light, as well as the

weight balance being improved, which improves position
controllability of mask M and substrate P. Also, places that
require adjustment are less than the case using the interfer-
ometer system, which allows cost reduction of mask stage
device 14 and substrate stage device 14, and furthermore
improves maintainability. Adjustment at the time of assem-
bly also becomes easy (or unnecessary).

Also, 1n substrate encoder system 50 according to the
embodiment, since the structure 1s employed of measuring
the Y position information of substrate P by moving the four
head units 60 in the Y-axis direction on movement (e.g.
stepping operation) ol substrate P in the Y-axis direction,
there 1s no need to place a scale extending 1n the Y-axis
direction or to increase the width in the Y-axis direction of
the scale extending 1n the X-axis direction at the substrate
stage device 20 side (or no need to arrange a plurality of
heads 1n the Y-axis direction at the apparatus main section 18
side). This simplifies the structure of the substrate position
measurement system, which allows cost reduction.

Also, 1n mask encoder system 48 according to the present
embodiment, since the structure 1s employed of acquiring
the position information of mask holder 40 in the XY plane
while appropriately switching the output of the pair of
adjacent encoder heads (X head 49x, Y head 49y) according
to the X position of mask holder 40, the position information
of mask holder 40 can be acquired without interruption, even
if a plurality of scales 46 are arranged at a predetermined
spacing (spaced apart from one another) i the X-axis
direction. Accordingly, there 1s no need to prepare a scale
having a length equal to the moving strokes of mask holder
40 (a length around three times of scale 46 of the present
embodiment) 1n the system, which allows cost reduction,
and this makes it suitable especially for liquid crystal
exposure apparatus 10 that uses a large mask M as 1n the
present embodiment. Also similarly, in substrate encoder
system 50 according to the present embodiment, since a
plurality of scales 52 are placed 1n the X-axis direction and
a plurality of scales 56 are placed 1n the Y-axis direction each
at a predetermined spacing, scales having a length equal to
the moving strokes of substrate P do not have to be prepared,
which makes it suitable for application 1mn liquid crystal

exposure apparatus 10 which uses a large substrate P.
Note that in the first embodiment described above, while
the case has been described in which each of the four head
units 60 has four heads (a pair of X heads 66x and a pair of
Y heads 66v) used to measure the position of substrate
holder 34, and a total of 16 heads are provided for position
measurement of the substrate holder, the number of heads
for position measurement of the substrate holder may be less
than 16. Hereinafter, such an embodiment will be described.

Second Embodiment

Next, a second embodiment will be described, based on
FIGS. 14 to 17C. Since the structure of the liquid crystal
exposure apparatus according to the second embodiment 1s
the same as the above first embodiment, except for the
structure of a part of substrate encoder system 30, only the
difference will be described below, and components having
the same structure and function as the first embodiment will
have the same reference signs as the first embodiment, and
the descriptions thereabout will be omuitted.

FIG. 14 shows a planar view of substrate holder 34 and a
pair of head units 60 of substrate encoder system 50 accord-
ing to the second embodiment, along with projection optical
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system 16. In FIG. 14, to facilitate understanding of the
description, illustration of encoder base 54 or the like 1s
omitted. Also, 1n FIG. 14, head units 60 (Y slide table 62) are
illustrated 1n dotted lines, while 1llustration of X head 64x
and Y head 64y provided on the upper surface of Y slide
table 62 1s omitted. Here, while substrate encoder system 30
in the first embodiment described above has a pair of
encoder bases 34, along with a total of four head unmts 60
(refer to FIG. 4 and the like) corresponding to the pair of
encoder bases 34, with substrate encoder system 350 accord-
ing to the second embodiment, only one encoder base 54
(not shown 1n FIG. 14) 1s provided and head units 60 are
arranged one each on the +Y side and the -Y side of
projection optical system 16.

In the liguid crystal exposure apparatus according to the
second embodiment, as 1s shown 1n FIG. 14, 1n each of the
areas on the +Y side and the -Y side with substrate mounting
area ol substrate holder 34 arranged 1n between, five encoder
scales 152 (heremnafter simply referred to as scales 152) are
arranged 1n the X-axis direction at a predetermined spacing
so that grating areas are spaced apart from one another 1n the
X-axis direction. With the five scales 152 arranged on the
+Y side of the substrate mounting area and the five scales
152 arranged on the -Y side, the spacing between adjacent
scales 152 (grating area) 1s the same, however, the arrange-
ment positions of the five scales 152 on the -Y side, as a
whole, are shifted to the +X side by a predetermined
distance D (a distance slightly larger than the spacing
between adjacent scales 152 (grating area)) with respect to
the five scales 152 on the +Y side. This arrangement 1s
employed to avoid a state from occurring 1n which of the
total of four heads; two X heads 66x and two Y heads 66y
to be described later on for measuring position imformation
of substrate holder 34, two or more of the heads do not face
any of the scales (that i1s, a non-measurement period 1n
which the measurement beam moves ofl of the scale does
not overlap among the four heads).

Each of the scales 152 consists of a plate-shaped (strip-
shaped) member rectangular 1n a planar view extending in
the X-axis direction, made of quartz glass. On the upper
surface of each of the scales 152, a reflective two-dimen-
sional diffraction grating (two-dimensional grating) RG 1s
formed whose periodic direction 1s 1n the X-axis direction
and the Y-axis direction in a predetermined pitch (1 pum).
Hereinaiter, the grating area described earlier will also be
called simply as two-dimensional grating RG. Note that 1n
FIG. 14, the spacing (pitch) between the grids of two-
dimensional grating RG 1s illustrated remarkably wider than
the actual spacing, for convenience of illustration. The same
applies also to other drawings that will be described below.
In the description below, the five scales 152 arranged in the
area on the +Y side of substrate holder 34 will be referred to
as a first grating group, and the five scales 152 arranged 1n
the area on the -Y side of substrate holder 34 will be referred
to as a second grating group.

To the lower surface (surface on the —Z side) of Y slide
table 62 of one of the head units 60 positioned at the +Y side,
X head 66x and Y head 66y are fixed apart by a predeter-
mined distance (a distance slightly larger than the spacing
between adjacent scales 152) in the X-axis direction, 1n a
state facing scales 152, respectively. Similarly, to the lower
surface (surface on the —Z side) of Y slide table 62 of the
other head unit 60 positioned at the -Y side, Y head 66y and
X head 66x are fixed apart by a predetermined distance in the
X-axis direction, 1n a state facing scales 1352, respectively.
That 1s, X head 66x and Y head 66y facing the first grating

group and X head 66x and Y head 66y facing the second

10

15

20

25

30

35

40

45

50

55

60

65

28

grating group each 1rradiates scales 152 with a measurement
beam at a spacing wider than the spacing of the grating area
ol adjacent scales 152. In the description below, for conve-
nience of explanation, X head 66x and Y head 66y that one
of the head units 60 has will be referred to as head 66a and
head 665, and X head 66x and Y head 66y that the other head
unit 60 has will be referred to as head 66¢ and head 664d.
In this case, head 66a and head 66¢ are arranged at the
same X position (on the same straight line parallel to the
Y-axis direction), and head 665 and head 66d are arrange
at the same X position (on the same straight line parallel to

the Y-axis direction) which 1s different from the X position
of head 66a and head 66¢. By heads 66a and 664 and
two-dimensional grating RG facing each of the heads, a pair
of X linear encoders 1s structured, and by heads 665 and 66¢
and two-dimensional grating RG facing each of the heads, a
pair of Y linear encoders 1s structured.

In the liquid crystal exposure apparatus according to the
second embodiment, the structure of other parts including
the remaining parts of head unmit 60 1s similar to liquid crystal
exposure apparatus 10 according to the first embodiment
described earlier, except for drive control (position control)
ol substrate holder 34 using the substrate encoder system by
main controller 90.

In the liquid crystal exposure apparatus according to the
second embodiment, between a first position where a pair of
head units 60 faces the +X edge of substrate holder 34 as 1s
shown 1n FIG. 15A and a second position where a pair of
head umits 60 faces the —X edge of substrate holder 34 as 1s
shown 1n FIG. 15B within a range 1n which substrate holder
34 moves 1n the X-axis direction, position measurement of
substrate holder 34 can be performed by heads 60a to 604 of
the pair of head units 60, that i1s, by the pair of X linear
encoders and the pair of Y linear encoders. FIG. 15A shows
a state 1n which only head 665 faces none of scales 152, and
FIG. 15B shows a state 1n which only head 66¢ faces none
of scales 152.

In the process in which substrate holder 34 1s moved 1n
between the first position shown 1n FIG. 15A and the second
position shown in FIG. 15B, positional relation between the
pair of head units 60 and scales 152 shifts between five
states; between a first state to a fourth state shown 1n FIGS.
16A to 16D, respectively, and a fifth state 1n which all four
heads 66a to 664 face two-dimensional grating RG of any
one of the scales 152 (that 1s, the measurement beam of all
four heads 66a to 664 irradiates two-dimensional grating
RG. Heremnafter, instead of using the expressions; face
two-dimensional grating RG of the scale, or the measure-
ment beam 1s 1rradiated on two-dimensional grating RG of
scale 152, these will be expressed simply as; heads face the
scales.

Here, the six scales 152 will be taken up for convenience
ol explanation, and codes a to 1 are to be used to i1dentity
cach scale, using the expressions scales 152a to 152/ (refer
to FIG. 16A).

The first state shown 1n FIG. 16 A shows a state 1n which
head 66a faces scale 15254, heads 66¢, 66d face scale 152e¢,
and only head 665 faces none of the scales, and the second
state shown 1n FIG. 16B shows a state in which substrate
holder 34 moves 1n the +X direction by a predetermined
distance from the state shown 1in FIG. 16 A so that heads 664,
660 face scale 152b, head 66d faces scale 152¢, and only
head 66¢ no longer faces any of the scales. In the process of
shifting from the state 1n FIG. 16A to the state 1n FIG. 16B,
the heads go through the fifth state 1n which heads 66a, 6656
face scale 15256 and heads 66¢, 66d face scale 152e.
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The third state in FIG. 16C shows a state in which
substrate holder 34 has been moved 1n the +X direction by
a predetermined distance from the state in FIG. 16B, and
only head 66a no longer faces any of the scales. In the
process of shifting from the state 1n FIG. 16B to the state in
FIG. 16C, the heads go through the fifth state 1n which heads
66a, 6656 face scale 1525, head 66¢ faces scale 152d, and
head 66d faces scale 152e.

The fourth state in FIG. 16D shows a state in which
substrate holder 34 has been moved in the +X direction by
a predetermined distance from the state in FIG. 16C, and
only head 66d no longer faces any of the scales. In the

process of shifting from the state 1n FIG. 16C to the state in
FIG. 16D, the heads go through the fifth state in which head

66a faces scale 152a, head 665 faces scale 1525, head 66¢
faces scale 1524, and head 66d faces scale 152e.

When substrate holder 34 1s moved 1n the +X direction by
a predetermined distance from the state in FIG. 16D, after
going through the fifth state 1n which head 66a faces scale
152a, head 665 faces scale 15254, and heads 66¢, 664 face
scale 1524, the heads then move into the first state in which
head 664 faces scale 152a, heads 66¢, 66d face scale 1524,
and only head 665 faces none of the scales.

While the description above 1s on the shift of the state
(positional relation) between three each of scales 152 of the
five scales 152 each arranged on the +Y sides of substrate
holder 34 and the pair of head units 60, also between the ten
scales 152 and the pair of head units 60, when looking at
three each of scales 152 that are adjacent of the five scales
arranged each on the =Y sides of substrate holder 34, the
positional relation with the pair of head units shifts in a
similar order as 1s described above.

In this way, in the second embodiment, at least three heads
of the total of four heads; two X heads 66.x, that 1s 664, 664,
and two Y heads 66y, that 1s 66b, 66¢, constantly face any
of the scales 152 (two-dimensional grating RG) even when
substrate holder 34 1s moved 1n the X-axis direction. Fur-
thermore, even when substrate holder 34 1s moved 1n the
Y-axis direction, since the pair of Y slide table 62 1s moved
in the Y-axis direction so that the measurement beams of the
four heads do not move oil of scales 152 (two-dimensional
grating R(G) 1n the Y-axis direction, at least three of the four
heads face any of the scales 152. Accordingly, main con-

troller 90 can constantly control position information of

substrate holder 34 1n the X-axis direction, the Y-axis
direction, and the 0z direction, using three heads of heads
66a to 66d. This point will be described further below.

When measurement values of X head 66x and Y head 66y
are to be CX and CY, respectively, measurement values CX
and CY can be expressed 1n the following equations (1a) and
(1b), respectively.

CX=(pi-X)cos Oz+(gi—-Y)sin Oz (la)

CY=-(pi-X)sin Oz+(gi-Y)cos Oz (1b)

Here, X, Y, and Ox show the position of substrate holder
34 1n the X-axis direction, the Y-axis direction, and the Oz
direction, respectively. Also, p1 and qi1 are the X position

coordinate values and the Y position coordinate values of

each of the heads 66a to 66d. In the embodiment, the X
coordinate values and the Y coordinate values (p1, q1) (1=1,

2,3, 4) of each of the heads 66a, 666, 66¢, and 66d can be
calculated easily from the position information 1n the X-axis

direction and the Y-axis direction (position of the center of

Y slide table 62 1n the X-axis direction and the Y-axis
direction) of each of the pair of head units 60 (refer to FIG.
1) calculated from the output of the four X linear encoders
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96x and the four Y linear encoders 96y, based on a known
relation of each head with respect to the center of Y slide
table 62.

Accordingly, when substrate holder 34 and the pair of
head units 60 have a positional relation as 1s shown 1n FIG.
15A and the position of substrate holder 34 within the XY
plane 1n directions of three degrees of freedom 1s (X, Y, 0z),
then measurement values of the three heads 664, 66¢, and
664 can theoretically be expressed by the following equa-

tions, (2a) to (2c¢) (also called an afline transformation
relation).
Cl=(pl-X)cos Oz+(gl-Y)sin Oz (2a)
C3=-(p3-X)sin Oz+(g3-Y)cos Oz (2b)
C4=(p4-X)cos Oz+(gd4-Y)sin Oz (2¢)

In a reference state where substrate holder 34 1s at a
coordinate origin (X, Y, 0z)=(0, 0, 0), by simultaneous
equations (2a) to (2c¢), Cl=pl, C3=q3, and C4=p4. The
reference state 1s a state 1n which the center of substrate
holder 34 (almost coincides with the center of substrate P)
coincides with the center of the projection area by projection
optical system 16 and the 0z rotation 1s zero. Accordingly, 1n
the reference state, the Y position of substrate holder 34 can
also be measured by head 665, and measurement value C2
by head 665, according to equation (1b), 1s C2=g2.

Accordingly, when the measurement values of the three
heads 66a, 66¢, and 66d are to be nitially set to pl, g3, and
p4 1n the reference state, heremafter, the three heads 66aq,
66c, and 66d are to present theoretical values given by the
equations (2a) to (2¢) with respect to displacements (X, Y,
0z) of substrate holder 34.

Note that 1n the reference state, instead of one of the heads
66a, 66¢, and 66d, such as 66¢, measurement value C2 of
head 666 may be 1nitially set as g2.

In this case, hereinafter, the three heads 664, 665, and 664
are to present theoretical values given by the equations (2a),
(2¢), and (2d) with respect to displacements (X, Y, 0z) of
substrate holder 34.

Cl=(pl1-X)cos Oz+(gl-Y)sin Oz (2a)
C4=(p4-X)cos Oz+(gd4-Y)sin Oz (2¢)
C2=-(p2-X)sin Oz+(g2-Y)cos Oz (2d)

In simultaneous equations (2a) to (2¢) and simultaneous
equations (2a), (2¢), and (2d), three equations are given with
respect to three variables (X, Y, 0z). Therefore, conversely,
i dependent varniables C1, C3, and C4 in simultaneous
equations (2a) to (2c¢), or dependent variables C1, C4, and
C2 1n simultaneous equations (2a), (2¢), and (2d) are given,
variables X, Y, and 0z can be obtained. Here, the equations
can be solved easily when an approximate sin 0z=0z 1s
applied, or when a higher approximate i1s applied. Accord-
ingly, positions (X, Y, 0z) of waler stage WST can be
calculated from measurement values C1, C3, and C4 (or C1,
C2, and C4) of heads 66a, 66¢c, and 66d (or heads 66a, 665,
and 66d).

Next, a linkage process, namely, mnitial setting of mea-
surement values, at the time when switching heads of the
substrate encoder system that measures position information
ol substrate holder 34 performed in the liqud crystal expo-
sure apparatus according to the second embodiment, will be
described centering on the operation of main controller 90.

In the second embodiment, as 1s previously described,
three encoders (X heads and Y heads) are constantly mea-
suring the position information of substrate holder 34 1n an
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cllective stroke range of substrate holder 34, and on per-
forming the switching process of the encoders (X head or Y
head), as 1s shown in FIG. 17B, each of the four heads 66a
to 664 faces any of the scales 52 and moves 1nto a state (the
fifth state described earlier) so that the position of substrate
holder 34 can be measured. FIG. 17B shows an example of
the fifth state that appears during the change of state from the
state shown 1n FIG. 17A 1n which the position of substrate
holder 34 1s measured with heads 66a, 665, and 664 and then
substrate holder 34 1s moved 1n the +X direction to the state
shown 1n FIG. 17C 1n which the position of substrate holder
34 1s measured with heads 665, 66¢, and 664. That 1s, FIG.
17B shows a state in which the three heads used for
measuring position information of substrate holder 34 are
being switched, from heads 66a, 665, and 66d to heads 665,
66¢, and 664.

At the moment when the switching process (linkage) of
heads (encoders) used for position control (measurement of
position mformation) of substrate holder 34 within the XY
plane, heads 66a, 665, 66¢, and 664 are facing scales 1525,
1526, 152d, and 152e, respectively, as 1s shown 1n FIG. 17B.
When taking a look at FIGS. 17A to 17C, it may appear that
head 66a 1s about to be switched to head 66¢ in FIG. 17B,
however, as it 1s obvious from the point that the measure-
ment direction 1s different in head 66a and head 66¢, it 1s
meaningless to give the measurement value (count value) of
head 66a without any changes to head 66¢ as an 1nitial value
of the measurement value at the timing when linkage 1s
performed.

Theretfore, 1n the embodiment, main controller 90 1s to
perform switching from the measurement of position nfor-
mation (and position control) of substrate holder 34 using
the three heads 66a, 665, and 66d to the measurement of
position information (and position control) of substrate
holder 34 using the three heads 665, 66¢, and 66d. That 1s,
in this method, the concept 1s different from a normal
encoder linkage and the linkage i1s not from one head to
another head, but 1s a method of linking a combination of
three heads (encoders) to another combination of three heads
(encoders).

Main controller 90, first of all, solves simultaneous equa-
tions (2a), (2¢), and (2d) based on measurement values C1,
C4, and C2 of heads 66a, 66d, and 665, and calculates
position information (X, Y, 0z) of the substrate holder within
the XY plane.

Next, main controller 90 substitutes X and 0z calculated
above 1nto the following afline transformation equation
(equation (3)), and obtains the imitial value (the value that
should be measured by head 66c¢) of the measurement value

of head 66c.

C3=-(p3—-X)sin Oz+(g3-Y)cos Oz (3)

In equation (3) above, p3 1s the X coordinate value and g3
1s the Y coordinate value of head 66¢. In the embodiment, as
1s described earlier, as for coordinate values (p3, gq3), the
values are used that are calculated from the position of the
center of Y slide table 62 in the X-axis direction and the
Y-axis direction of each of the pair of head umts 60
calculated from the output of the four X linear encoders 96x
and the four Y linear encoders 96y, based on the known
positional relation of head 66¢ with respect to the center of
Y slide table 62.

By giving mitial value C3 described above as the initial
value of head 66¢, linkage i1s to be completed without
contradictions while maintaining the positions (X, Y, 0z) of
substrate holder 34 in directions of three degrees of freedom.
Thereinafter, the position coordinates (X, Y, 0z) of wafer
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stage WST are calculated by solving the following simul-
taneous equations (2b) to (2d), using the measurement
values C2, C3, and C4 of heads 665, 66¢, and 664 which are

used after the switching.

C3=-(p3-X)sin 0z+(g3-Y)cos Oz (2b)
C4=(pd-X)cos Oz+(g4-Y)sin Oz (2¢)
C2=-(p2-X)sin Oz+(g2-Y)cos Oz (2d)

Note that while the case has been described above when
the switching 1s from three heads to another three heads
including one head different from the three heads, it was
described 1n this way because the values to be measured
using the another heads after switching 1s calculated based
on the principle of afline transformation, using the positions
(X, Y, 0z) of substrate holder 34 obtained from the mea-
surement values of the three heads used before switching,
and the calculated values are set as initial values of the
another heads used after switching. However, when focusing
only on the two heads serving as direct targets of switching
and linkage process, without referring to the procedure of
calculation and the like of the values to be measured using
the another heads used after switching, it may also be said
that one head of the three heads used before switching 1s
switched to a diflerent head. In any case, the switching of the
heads 1s performed 1n a state where the head used for
measurement of position information and position control of
the substrate holder before switching and the head used after
switching both simultaneously face any of the scales 152.

Note that while the description above 1s an example of
switching of heads 66a to 664, in switching from any three
heads to another three heads, or switching from one of the
heads to another head, switching of heads 1s performed 1n a
procedure similarly to the procedure described above.

The liquid crystal exposure apparatus according to the
second embodiment described so far has a working effect
equivalent to the liquid crystal exposure apparatus according
to the first embodiment described earlier. Adding to this,
with the liquid crystal exposure apparatus according to the
second embodiment, while substrate holder 34 1s moved,
position information (including 0z rotation) of substrate
holder 34 within the XY plane 1s measured by three heads
(encoders) including at least one each of X head 66x (X
lincar encoder) and Y head 66y (Y linear encoder) of
substrate encoder system 350. Then, by main controller 90,
the head (encoder) used for measuring position information
ol substrate holder 34 within the XY plane 1s switched from
one of the heads (encoders) of the three heads (encoders)
used for position measurement and position control of
substrate holder 34 before switching to another head (en-
coder), so that the position of substrate holder 34 within the
XY plane 1s maimntained before and after the switching.
Therefore, the position of substrate holder 34 within the XY
plane 1s maintained before and after the switching and an
accurate linkage becomes possible, even though switching
of the encoders used for controlling the position of substrate
holder 34 has been performed. Accordingly, substrate holder
34 (substrate P) can be moved along the XY plane accurately
along a predetermined moving route while switching and
linkage (linkage process of measurement values) of the
heads are performed among a plurality of heads (encoders).

Also, with the liquid crystal exposure apparatus according
to the second embodiment, during exposure of the substrate,
substrate holder 34 1s moved within the XY plane by main
controller 90, based on measurement results ol position
information of substrate holder 34 and position information
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((X, Y) coordinate values) within the XY plane of the three
heads used for measuring the position iformation. In this
case, main controller 90 moves substrate holder 34 within
the XY plane while calculating the position information of
substrate holder 34 within the XY plane using the afline
transformation relation. This allows the movement of sub-
strate holder 34 (substrate P) to be controlled with good
accuracy while switching the heads (encoders) used for
control of the movement of substrate holder 34 using the
encoder system having each of a plurality of Y heads 66y or
a plurality of X heads 66x.

Note that in the second embodiment described above,
while the correction information (1nitial value of the another
head previously described) for controlling the movement of
the substrate holder using the head (corresponding to the
another head described above) whose measurement beam
moves ofl from one of the adjacent pair of scales and moves
to 1rradiate the other scale was acquired, based on the
position information measured by the three heads facing at
least one scale 152, this correction information should be
acquired by the time one of the three heads facing at least
one scale 152 moves ofl of two-dimensional grating RG,
alter the measurement beam of the another head 1s moved to
irradiate the other scale. Also, 1mn the case of performing
position measurement or position control of the substrate
holder by switching the three heads facing at least one scale
152 to three different heads including the another head
described above, this switching should be performed by the
time one of the three heads facing at least one scale 152
moves ofl of two-dimensional grating RG, after the correc-
tion information described above has been acquired. Note
that acquiring the correction information and the switching
may substantially be performed at the same time.

Note that in the second embodiment described above,
cach of the five scales 152 of the first grating group and the
second grating group 1s arranged on substrate holder 34 so
that the area that has no two-dimensional grating RG of the
first grating group (non-grating area) does not overlap the
area that has no two-dimensional grating RG of the second
grating group (non-grating area) in the X-axis direction (first
direction), or in other words, so that the non-measurement
period 1 which the measurement beam moves off of two-
dimensional grating RG does not overlap 1n the four heads.
In this case, heads 66a and 665 that head unit 60 on the +Y
side has, are arranged at a spacing wider than the width of
the area that has no two-dimensional grating RG of the first
group 1n the X-axis direction, and heads 66¢ and 664 that
head unit 60 on the —Y side has, are arranged at a spacing
wider than the width of the area that has no two-dimensional
grating RG of the second group in the X-axis direction.
However, the combination of the grating section including
the plurality of two-dimensional gratings and the plurality of
heads that can face the grating section 1s not limited to this.
The point 1s, spacing between heads 66a and 665 and
spacing between heads 66¢ and 664, position, position and
length of the grating section of the first and second grating
groups, spacing between the grating sections and their
positions should be set, so that the (non-measurable) non-
measurement period in which the measurement beam moves
ofl of two-dimensional grating RG does not overlap 1n the
four heads 66a, 665, 66¢c, and 664 during the movement of
the movable body 1n the X-axis direction. For example, even
if the position and the width of the non-grating area in the
X-axis direction 1s the same in the first grating group and the
second grating group, two heads facing at least one scale 152
(two-dimensional grating R(G) of the first grating group and
two heads facing at least one scale 152 (two-dimensional
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grating RG) of the second grating group may be arranged
shifted only by a distance wider than the width of the
non-grating area in the X-axis direction. In this case, the
spacing between the head arranged on the +X side of the two
heads facing the first grating group and the head arranged on
the —X side of the two heads facing the second grating group
may be set wider than the width of the non-grating area, or
the two heads facing the first grating and the two heads
facing the second grating may be arranged alternately 1n the
X-axis direction, with the spacing between adjacent pair of
heads being be set wider than the width of the non-grating
area.

Also, 1n the second embodiment described above, while
the case has been described 1n which the first grating group
1s arranged 1n an area on the +Y side of substrate holder 34,
and the second grating group 1s arranged 1n an area on the
-Y side of substrate holder 34, instead of one of the first
grating group and the second grating group, such as the first
grating group, a single scale member on which a two-
dimensional grating extending in the X-axis direction 1is
formed, may be used. In this case, one head may be made to
constantly face the single scale member. In this case, a
structure may be employed 1n which three heads may be
provided to face the second grating group, and by making
the spacing (spacing between irradiation positions of the
measurement beams) 1n the X-axis direction of the three
heads wider than the spacing between two-dimensional
grating RG on adjacent scales 152, at least two of the three
heads facing the second grating group can face at least one
two-dimensional grating RG of the second grating group
regardless of the position of substrate holder 34 1n the X-axis
direction. Or, a structure may be employed 1n which at least
two heads constantly face the single scale member described
above regardless of the position of substrate holder 34 1n the
X-axis direction, together with at least one head facing at
least one two-dimensional grating RG of the second grating
group. In this case, each of the measurement beams of the at
least two heads moves off of one of the plurality of scales
152 (two-dimensional grating RG) during the movement of
substrate holder 34 1n the X-axis direction, and 1s moved to
irradiate another scale 152 (two-dimensional grating RG)
adjacent to the one scale 152 (two-dimensional grating RG).
However, by making the spacing between the at least two
heads in the X-axis direction wider than the spacing of
two-dimensional grating RG of adjacent scales 152, the
non-measurement period does not overlap 1n the at least two
heads, that i1s, the measurement beam of at least one head
constantly 1rradiates scale 152. In these structures, at least
three heads constantly face at least one scale 152, allowing
position mformation in directions of three degrees of free-
dom to be measured.

Note that the number of scales, spacing between adjacent
scales and the like may be different in the first grating group
and the second grating group. In this case, 1n at least two
heads facing the first grating group and at least two heads
facing the second grating group, spacing between the heads
(measurement beams), position and the like may be ditler-
ent.

Note that 1in the second embodiment described above, the
position of heads 66a to 664 1n the X-axis direction and the
Y-axis direction are calculated from the position of the
center of Y slide table 62 in the X-axis direction and the
Y-axis direction of each of the pair of head units 60
calculated from the output of the four X linear encoders 96x
and the four Y linear encoders 96y, based on the known
positional relation of each head with respect to the center of
Y slide table 62. That 1s, the encoder system was to be used
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for measuring the position of heads 66a to 664 in the X-axis
direction and the Y-axis direction. However, the embodi-

ment 1s not limited to this, and the encoder system and the
like may be used to measure position information only 1n the
Y-axis direction of heads 664 to 66d, since heads 66a to 664
(the pair of head units 60) can be moved only 1n the Y-axis
direction. That 1s, 1n the second embodiment described
above, the four X linear encoders 96x do not necessarily
have to be provided. In this case, for heads 66a to 66d, on
applying equations (2a) to (2d) described earlier, design
values (fixed values) are used for pl to p4 (X position), and
for gl to g4 (Y position), values calculated from the output
of the four linear encoders 96y are used. Note that 1n the case
the athne transformation relation 1s not used, on measuring,
position information in the Y-axis direction of substrate
holder 34 by heads 665 and 66¢, measurement information
of the four linear encoders 96y 1s used, and on measuring
position 1nformation 1 the X-axis direction of substrate
holder 34 by heads 66a and 664, measurement information
of the four Y linear encoders 96y do not have to be used.

Note that in the second embodiment described above,
while the plurality of scales 152 having a single two-
dimensional grating RG (grating area) formed on each scale
was used, the present invention 1s not limited to this, and at
least one of the first grating group or the second grating
group may include a scale 152 that has two or more grating
areas formed apart in the X-axis direction.

Note that in the second embodiment described above,
while the case has been described in which to measure and
control the positions (X, Y, 0z) of substrate holder 34
constantly by three heads, the first grating group and the
second grating group 1ncluding five scales 152 each having
the same structure are arranged shifted by a predetermined
distance 1n the X-axis direction, the embodiment 1s not
limited to this, and one of the head units 60 and the other of
the head units 60 may have heads (heads 66x, 661) used for
measurement of substrate holder 34 arranged differently in
the X-axis direction, without the first grating group and the
second grating group being shifted in the X-axis direction
(the line of scales 152 arranged almost completely facing
cach other). Also 1n this case, the positions (X, Y, 0z) of
substrate holder 34 can constantly be measured and con-
trolled by the three heads.

Note that in the second embodiment described above,
while the case of using a total of four heads, heads 66a and
665 and heads 66¢ and 664 has been described, the embodi-
ment 1s not limited to this, and five or more heads may also
be used. That 1s, to one of the two heads each facing the first
grating group and the second grating group, at least one
redundant head may be added. This structure will be
described 1n a third embodiment below.

Third Embodiment

Next, a third embodiment will be described, based on
FIG. 18. Since the structure of the liquid crystal exposure
apparatus according to the third embodiment 1s the same as
the first and the second embodiments previously described
except for the structure of a part of substrate encoder system
50, only the different points will be described below, and for
clements having the same structure and function as the first
and the second embodiments will have the same reference
code as the first and the second embodiments, and the
description thereabout will be omitted.

FIG. 18 shows substrate holder 34 and the pair of head
units 60 of substrate encoder system 30 according to the
third embodiment 1n a planar view, along with projection
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optical system 16. In FIG. 18, to make the description
comprehensive, 1llustration of encoder base 54 and the like
1s omitted. Also, in FI1G. 18, along with head unit 60 (Y slide
table 62) illustrated 1n a dotted line, illustration of X head
64x and Y head 64y provided on the upper surface of Y slide
table 62 1s also omitted.

With the liquid crystal exposure apparatus according to
the third embodiment, as 1s shown 1n FIG. 18, 1n each of the
areas on the +Y side and the -Y side of substrate holder 34
with the substrate mounting area in between, five scales 1352
are arranged at a predetermined spacing in the X-axis
direction. With the five scales 152 arranged on the +Y side
of the substrate mounting area and the five scales 152
arranged on the -Y side, the spacing between adjacent scales
152 1s the same, and the five scales 152 on the +Y side of the
substrate mounting area and the five scales 152 on the -Y
side are arranged at the same X position, facing each other.
Accordingly, the position of the spacing between adjacent
scales 1s located on almost the same straight line in the
Y-axis direction that has a predetermined width.

To the lower surface (surface on the -7 side) of Y shide
table 62 of one of the head units 60 positioned on the +Y
side, a total of three heads, Y head 66y, X head 66x, and Y
head 66y are fixed apart by a predetermined spacing (a
distance larger than the spacing between adjacent scales
152) 1n the X-axis direction from the —X side, 1n a state each
facing scale 152. To the lower surface (surface on the —Z
side) of Y slide table 62 of the other head unit 60 positioned
on the -Y side, Y head 66y and X head 66x are fixed apart
by a predetermined spacing 1n the X-axis direction, in a state
cach facing scale 152. In the description below, for conve-

nience of explanation, three heads that one of the head units
60 has will be referred to as head 66e, head 664, and head

665 from the —X side, and Y head 66y and X head 66x that
the other head unit 60 has will be referred to as head 66¢ and
head 66d, respectively.

In this case, head 66a and head 66¢ are arranged at the
same X position (on the same straight line 1 the Y-axis
direction), and head 665 and head 664 are arranged at the
same X position (on the same straight line 1n the Y-axis
direction). Heads 66a, 664 and the two-dimensional gratings
RG that face each head structure a pair of X linear encoders,
and heads 665, 66¢, and 66e¢ and the two-dimensional
gratings RG that face each head structure three Y linear
encoders.

With the liquid crystal exposure apparatus according to
the third embodiment, the structure of other parts 1s similar
to the liquid crystal exposure apparatus according to the
second embodiment described earlier.

In the third embodiment, although the arrangement of
scales 152 lined on the +Y side and the -Y side 1s not shifted
in the X-axis direction, as long as the pair of head units 60
moves (or the Y position of substrate holder 4 1s maintained
at a position where the pair of head units 60 faces the line
of scale 152) 1in the Y-axis direction synchronously with
substrate holder 34, three heads of heads 66a to 66¢e con-
stantly face scale 152 (two-dimensional grating RG) regard-
less of the X position of substrate holder 34.

The liquid crystal exposure apparatus according to the
third embodiment described so far has a working effect
equivalent to the liquid crystal exposure apparatus according
to the second embodiment described earlier.

Note that in the third embodiment described above, the
plurality of heads for measuring position information of
substrate holder 34 can also be regarded to include one head
66a 1n addition to, e.g. heads 66e, 66b, 66¢, and 66d

necessary for switching of the heads, whose non-measure-
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ment period partly overlaps one head 66¢ of the four heads.
And, 1n the third embodiment, on measuring position nfor-

mation (X, Y, 0z) of substrate holder 34, of the five heads
including the four heads 66e, 665, 66¢, and 664 and the one
head 66¢, measurement information 1s used of at least three 5
heads 1rradiating at least one of the plurality of grating areas
(two-dimensional grating R(G) with a measurement beam.

Fourth Embodiment
10

Next, a fourth embodiment will be described, based on
FIG. 19. While the structure of the liquid crystal exposure
apparatus according to the fourth embodiment 1s different
from the structure of the liquid crystal exposure apparatus
according to the second embodiment described earlier on the 15
points that scales 152 lined 1n each of the areas on both the
+Y side and the -Y side of the substrate mounting area of
substrate holder 34 are arranged facing each other similarly
as 1n the third embodiment, and that one of the head units 60
positioned on the -Y side has two each of X heads 66x and 20
Y heads 66y similarly to the first embodiment, as 1s shown
in FI1G. 19, the structure of other parts 1s similar to the liquid
crystal exposure apparatus according to the second embodi-
ment.

To the lower surface (surface on the -7 side) of Y shide 25
table 62 of one of the head units 60, X head 66x (heremafter
approprately called head 66¢) 1s provided arranged adjacent
to Y head 66y (head 66¢) on the -Y side, along with Y head
66y (hereinafter appropnately called head 66/) provided
arranged adjacent to X head 66x (head 66d) on the -Y side. 30

With the liquid crystal exposure apparatus according to
the embodiment, 1n a state when the pair of head units 60 1s
moving 1n the Y-axis direction (or when the Y position of
substrate holder 34 1s maintained at a position where the pair
of head units 60 face the scales 152 lined), a case may occur 35
when one of three heads 66a, 66¢, and 66¢ (to be referred to
as heads of a first group) and three heads 665, 664, and 66/
(to be referred to as heads of a second group) do not face any
of the scales due to substrate holder 34 moving 1n the X-axis
direction, and when this occurs, the other of the heads of the 40
first group and the heads of the second group face scale 152
(two-dimensional grating R(G) without fail. That 1s, in the
liquid crystal exposure apparatus according to the fourth
embodiment, although the arrangement of scales 152 lined
on the +Y side and the -Y side 1s not shifted 1n the X-axis 45
direction, as long as the pair of head units 60 moves (or the
Y position of substrate holder 4 1s maintained at a position
where the pair of head units 60 faces the line of scales 152)
in the Y-axis direction, the positions (X, Y, 0z) of substrate
holder 34 can be measured regardless of the X position of 50
substrate holder 34, by the three heads included in at least
one of the heads of the first group and the heads of the
second group.

Here, a case will be considered, for example, of restoring
(re-start measurement of) the heads of the first group (heads 55
66a, 66¢, and 66¢) when the heads face scale 152 again, after
heads 664, 66¢c, and 66¢ no longer face any of the scales and
have become non-measurable. In this case, at the point
before measurement 1s re-started by the heads of the first
group (heads 66a, 66¢, and 66¢), the positions (X, Y, 0z) of 60
substrate holder 34 1s being continuously measured and
controlled by the heads of the second group (heads 66, 664,
and 66f). Therefore, main controller 90, as 1s shown 1n FIG.
19, at the point when the pair of head unmits 60 crosses over
adjacent two scales 152 arranged on each of the +Y side and 65
the —Y side and the heads of the first group and the heads of
the second group face one and the other of the adjacent two
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scales 152, respectively, calculates the positions (X, Y, 0z) of
substrate holder 34 by the method described in detail 1n the

second embodiment based on measurement values of the
heads of the second group (heads 665, 664, and 66/), and by
substituting the positions (X, Y, 0z) of the substrate holder
into the formula of afline transformation described earlier,
initial values of the heads of the first group (heads 66a, 66¢,
and 66¢) are calculated and set at the same time. This allows
the heads of the first group to be restored and to re-start
measurement and control of the position of substrate holder
34 with these heads easily.

With the liquid crystal exposure apparatus according to
the fourth embodiment described so far, the apparatus exhib-
its a working eflect equivalent to the liquid crystal exposure
apparatus according to the second embodiment described
carlier.

Modified Example of the Fourth Embodiment

This modified example describes a case when a head unit
having an identical structure (or a structure symmetrical in
the vertical direction of the page surface) as one of the head
units 60 1s used as the other head unit 60 positioned on the
+Y side, in the liquid crystal exposure apparatus according
to the fourth embodiment.

In this case, similarly to the description above, eight heads
are grouped into four heads each being arranged on the same
straight line 1n the Y-axis direction; heads of a first group,
and heads of a second group.

A case will be considered of restoring the heads of a first
group and re-starting measurement with these heads when
the heads face scale 152 again, after the heads of the first
group no longer face any of the scales and can no longer
perform measurement.

In this case, at the point before measurement 1s re-started
by the heads of the first group, the positions (X, Y, 0z) of
substrate holder 34 are being continuously measured and
controlled by three heads of the heads of the second group.
Therefore, main controller 90, as 1s described earlier, at the
point when the pair of head units 60 crosses over adjacent
two scales 152 arranged on each of the +Y side and the -Y
side and the heads of the first group and the heads of the
second group face one and the other of the adjacent two
scales 152, respectively, calculates 1mitial values of each of
the heads of the first group, however, 1n this case, the main
controller cannot calculate the 1mitial values of all four heads
of the first group at the same time. This 1s because 1f the
heads to be restored for measurement were three (the num-
ber of X heads and Y heads added), when the initial values
of the measurement values of the three heads are set 1n the
procedure described earlier, by solving the simultaneous
equations described earlier using the nitial values as mea-
surement values C1, C2, C3 and the like, the positions (X,
Y, 0) of the substrate holder 1s uniquely decided, which
causes no problems in particular. However, simultaneous
equations using the afline transformation relation that can
umquely decide the positions (X, Y, 0) of the substrate
holder using measurement values of four heads cannot be
conceived.

Therefore, 1n the modified example, the first group to be
restored 1s to be grouped into two groups, each having three
heads including different heads and the initial values are
calculated and set simultaneously for the three heads for
cach group in the method described earlier. After the initial
values have been set, the measurement values of the three
heads of either of the groups may be used for position
control of substrate holder 34. Position measurement of
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substrate holder 34 by the heads of the group not used for
position control may be executed in parallel with position
control of substrate holder 34. Note that the mitial values of
cach head of the first group to be restored can be sequentially
calculated individually, by the method described earlier.

Note that the structures described so far in the first to
tourth embodiments can be changed as appropriate. In mask
encoder system 48 and substrate encoder system 50 of the
first embodiment described above, the arrangement of
encoder heads and scales may be reversed. That 1s, X linear
encoder 92x and Y linear encoder 92y for obtaining position
information of mask holder 40 may be structured so that
encoder heads are attached to mask holder 40 and scales are
attached to encoder base 43. Also, X linear encoder 94x and
Y linear encoder 94y for obtaining position information of
substrate holder 34 may have encoder heads attached to
substrate holder 34 and scales attached to Y slide table 62.
In this case, the encoder heads attached to substrate holder
34 may be arranged along the X-axis direction 1n a plurality
of numbers, and are preferably structured switchable with
one another. Also, the encoder heads provided at substrate
holder 34 may be made movable and sensors to measure
position information of the encoder heads may be provided,
and the scales may be provided at encoder base 43. In this
case, the scales provided at encoder base 43 are fixed.
Similarly, X linear encoder 96x and Y linear encoder 96y for
obtaining position information of Y slide table 62 may have
scales attached to Y shide table 62 and encoder heads
attached to encoder base 54 (apparatus main section 18). In
this case, the encoder heads attached to encoder base 54 may
be arranged along the Y-axis direction 1 a plurality of
numbers, and are preferably structured switchable with one
another. In the case the encoder heads are fixed to substrate
holder 34 and encoder base 54, the scales fixed to Y slide
table 62 may be used in common.

Also, 1n substrate encoder system 50, while the case has
been described where a plurality of scales 32 are fixed
extending 1n the X-axis direction on the substrate stage
device 20 side and a plurality of scales 56 are fixed extend-
ing 1n the Y-axis direction on the apparatus main section 18
(encoder base 54) side, the substrate encoder system 1s not
limited to this, and a plurality of scales extending in the
Y-axis direction may be fixed on the substrate stage device
20 side and a plurality of scales extending in the X-axis
direction may be fixed on the apparatus main section 18 side.
In this case, head unit 60 1s moved 1n the X-axis direction
while substrate holder 34 i1s bemng moved 1 exposure
operation and the like of substrate P.

Also, while the case has been described 1in which 1n mask
encoder system 48, threes scales 46 are arranged separate 1n
the X-axis direction, and 1n substrate encoder system 50, two
scales 52 are arranged separate in the Y-axis direction and
five scales 56 are arranged separate 1n the X-axis direction,
the number of scales i1s not limited to this, and may be
appropriately changed according to the size of mask M and
substrate P, or movement strokes. Also, the plurality of
scales may not necessarily have to be arranged separate, and
a longer single scale (1in the case of the embodiment above,
a scale about three times the length of scale 46, a scale about
two times the length of scale 52, and a scale about five times
the length of scale 56) may be used. Also, 1n a scale group
(row of scales) in which a plurality of scales arranged in the
X-axis direction 1s continuously arranged with gaps of a
predetermined spacing in between on substrate holder 34,
the length 1n the X-axis direction of one scale (pattern for
X-axi1s measurement) may be a length that can be continu-
ously measured only by a length of one shot area (the length
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in which a device pattern 1s wrradiated and formed on a
substrate when exposure 1s performed while moving the
substrate on the substrate holder 1n the X-axis direction).
This makes position measurement (position control) of
substrate P (substrate holder) during scanning exposure easy,
since relay control of heads with respect to the plurality of
scales does not have to be performed during the scanning
exposure ol one shot area. Also, a plurality of scales having
different lengths may be used, and the number of scales
structuring the grating section does not matter, as long as
cach of the grating sections includes a plurality of grating
areas arranged side by side 1n the X-axis direction or the
Y-axis direction.

Also, 1n the case of arranging a scale group (row of scales)
in which a plurality of scales arranged 1n the X-axis direction
1s continuously arranged with gaps of a predetermined
spacing in between on substrate holder 34 1n a plurality of
rows at diflerent positions (e.g. a position on one side (+Y
side) and a position on the other side (=Y side) with respect
to projection optical system 16) separate from each other in
the Y axis direction, a structure may be employed so that the
plurality of scale groups (plurality of rows of scales) can be
used differently depending on arrangement of shots (shot
map) on the substrate. For example, by making the whole
length of the plurality of rows of scales different from one
another between the rows of scales, the scales are applicable
to different shot maps, and are also applicable to changes in
the number of shot areas formed on the substrate, as 1n the
case ol a four-piece setting and the case of a six-piece
setting. Also, the scales arranged on one side of projection
optical system 16 and the scales arranged on the other side
may have diflerent lengths. Also, along with this arrange-
ment, 11 position of gaps of each row of scales are made to
be at different positions in the X-axis direction, the heads
corresponding to each of the plurality of rows of scales do
not move ofl away from the measurement range simultane-
ously, which allows the number of sensors considered as an
undefined value 1n linkage process to be reduced and the
linkage process to be performed with high precision.

Also, 1n the first embodiment described above, while the
case has been described where X scales and Y scales are
formed 1ndependently on the surface of each of the scales
46, 52, and 56, the embodiment 1s not limited to this, and a
scale having a two-dimensional grating formed may be used,
similarly to the second or fourth embodiments described
earlier. In this case, an XY two-dimensional head can also be
used as the encoder head. Also, while the case has been
described where the encoder system of a diffraction inter-
ference method 1s used, the encoder 1s not limited to this, and
other encoders such as the so-called pick-up system or a
magnetic system may also be used, and the so-called scan
encoder whose details are disclosed in, for example, U.S.
Pat. No. 6,639,686 may also be used. Also, position infor-
mation of Y slide table 62 may be obtained by a measure-
ment system other than the encoder system (an optical
interferometer system).

Note that in the second to fourth embodiments and the
modified example (hereinafter shortly referred to as the
fourth embodiment) described above, while the case has
been described 1n which at least four heads are provided, in
such a case, the number of scales 152 structuring the grating
section does not matter, as long as the grating section
includes a plurality of grating areas arranged side by side 1n
the first direction. The plurality of grating areas does not
necessarily have to be arranged on both one side and the
other side 1n the Y-axis direction with substrate P of substrate
holder 34 in between, and may be arranged only on one side.
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To continuously control the positions (X, Y, 0z) of substrate
holder 34 during the exposure operation of substrate P, the
following conditions need to be satisfied.

That 1s, while a measurement beam of one head of the at
least four heads moves off of the plurality of grating areas
(two-dimensional grating RG described earlier), along with
at least the three heads remaining irradiate at least one of the
plurality of grating arcas with the measurement beams, by
movement of substrate holder 34 1n the X-axis direction (the
first direction), the one head described above whose mea-
surement beam moves ofl of the plurality of grating areas 1s
switched 1n the at least four heads described above. In this
case, the at least four heads include; two heads whose
positions (irradiation positions) of the measurement beams
in the X-axis direction (the first direction) are diflerent from
cach other, and two heads whose positions of the measure-
ment beams 1n the Y-axis direction (the second direction) are
different from at least one of the two heads along with
positions (1rradiation positions) of the measurement beams
in the X-axis direction (the first direction) being different
from each other, and the two heads irradiate measurement
beams in the X-axis direction at a spacing wider than the
spacing of a pair of adjacent grating areas of the plurality of
grating areas.

Note that the grating areas (two-dimensional grating RG)
arranged side by side m the X-axis direction may be
arranged 1n the Y-axis direction 1n three or more rows. In the
fourth embodiment described above, instead of the five
scales 152 on the -Y side, a structure may be employed 1n
which two rows of grating areas (two-dimensional gratings
RG) adjacent 1n the Y-axis direction are provided, consisting
of 10 grating areas (two-dimensional gratings R(G) having an
area which 1s half of each of the five scales 152 1n the Y-axis
direction, and heads 66¢ and 66f can be made to face
two-dimensional grating RG at one of the rows, and heads
66c and 66d can be made to face two-dimensional grating
RG at the other of the rows. Also, 1n the modified example
of the fourth embodiment described above, also for the five
scales 152 on the +Y side, a structure may be employed 1n
which two rows of grating areas (two-dimensional gratings
R(G) adjacent in the Y-axis direction are provided, consisting
of 10 grating areas similar to the description above, and a
pair of heads can be made to face two-dimensional grating
RG at one of the rows, and the remaining pair of heads can
be made to face two-dimensional grating RG at the other of
the rows.

Note that in the second to fourth embodiments described
above, when substrate holder 34 moves 1n the X-axis direc-
tion (the first direction), it 1s important to set position or
spacing, or position and spacing and the like of at least one
of scales and heads, so that at least among the four heads
mutually, measurement beams not being irradiated on (move
ofl of the grating areas of) any of the two-dimensional
grating RG, that 1s, measurement with the heads being
non-measurable (non-measurement section) does not over-
lap for any two heads. For example, 1n a scale group (row of
scales) 1n which a plurality of scales arranged 1n the X-axis
direction 1s continuously arranged with gaps of a predeter-
mined spacing in between on substrate holder 34, the
distance between the plurality of scales (in other words, the
length of gap), the length of one scale, and two heads (heads
arranged opposed to each other 1n one head unit 60, e.g. two
heads 66x as 1s shown 1n FIG. 5) that relatively move with
respect to the row of scales are arranged to satisiy a relation
of “length of one scale>distance between heads arranged
opposed to each other>distance between scales.” This rela-
tion 1s satisfied not only by the scales provided on substrate

10

15

20

25

30

35

40

45

50

55

60

65

42

holder 34 and the corresponding head umts 60, but also by
scales 56 provided on encoder base 54 and the correspond-
ing head units 60. Also, in each of the embodiments
described above (e.g., refer to FIG. 5), while the pair of X
heads 66x and the pair of Y heads 66y are each arranged
lined 1n the X-axis direction to form pairs (X heads 66x and
Y heads 66y are arranged at the same position 1n the X-axis
direction), the pairs may be arranged so that the heads are
relatively shifted in the X-axis direction. Also, 1n a scale
group (row of scales) in which a plurality of scales arranged
in the X-axis direction 1s continuously arranged with gaps of
a predetermined spacing in between on substrate holder 34,
while the length of the scale was the same for each of the
scales continuously arranged in the embodiment above,
scales having a length different from one another may be
continuously arranged. For example, in a row of scales on
substrate holder 34, the scales arranged 1n the center may be
physically longer than the scales (scales arranged at each
edge 1n the row of scales) arranged at both ends 1n the X-axis
direction.

Note that i the second and the fourth embodiment
described above, mstead of each X head 66x measuring
position information of substrate holder 34, an encoder head
(X7 head) whose measurement direction i1s 1n the X-axis
direction and the Z-axis direction may be used, together with
an encoder head (YZ head) whose measurement direction 1s
in the Y-axis direction and the Z-axis direction. As these
heads, a sensor head having a structure similar to the
displacement measurement sensor head disclosed i U.S.
Pat. No. 7,561,280 can be used. In such a case, on switching
and linkage process of the heads described earlier, adding to
the linkage process performed to secure continuity ol mea-
surement results of the position of substrate holder 34 1n
directions of three degrees of freedom (X, Y, 0z) 1n the XY
plane by performing a predetermined calculation using
measurement values of three heads used for position control
ol substrate holder 34 before switching, main controller 90
may also perform the linkage process to secure continuity of
measurement results of the position of substrate holder 34 in
the remaining directions of three degrees of freedom (Z, 0x,
Oy) by a similar method described earlier. Specifically,
taking the second embodiment representatively as an
example, main controller 90 may acquire correction infor-
mation for controlling the movement of substrate holder 34
in the remaining directions of three degrees of freedom (Z,
0x, 0y) using one head whose measurement beam moves ol
of one two-dimensional grating RG (grating area) and
moves to 1rradiate another two-dimensional grating RG
(grating area) of the four heads 66a, 665, 66¢, and 664,
based on measurement information 1n the Z-axis direction (a
third direction) by the remaining three heads or position
information of substrate holder 34 in the remaiming direc-
tions of three degrees of freedom (Z, 0x, Oy) measured by
the remaining three heads.

Note that 1n the second and the fourth embodiment, while
the 1nitial value of another head to be switched 1s to be set
when a measurement beam moves ofl of one scale and
moves to 1rradiate another scale, the embodiment 1s not
limited to this, and correction information for controlling the
substrate holder may be acquired using another head, such
as correction information of the measurement values of
another head. In the correction information to control the
movement of the substrate holder using another head, the
initial value 1s naturally included, but the information 1s not
limited to this, and as long as the information may be used
so that the another head can start the measurement again, the
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information may also be an offset value from the values to
be measured after re-starting the measurement.

Also, 1n the first to fourth embodiments described above,
the X7 head described earlier may be used instead of each
X head of mask encoder system 48, along with using the YZ
head described earlier instead of each Y head. Or, 1n the first
to fourth embodiments described above, mask encoder sys-
tem 48 may be structured so that a plurality of heads can
move relatively with respect to scales 46 1n the Y-axis
direction, similar to the encoder for position measurement of
substrate holder 34 of substrate encoder system 30. Also,
instead of scales 46, a scale on which a two-dimensional
grating RG similar to scale 152 described earlier 1s formed
may be used.

Similarly, in the first to fourth embodiments described
above, the X7 head described earlier may be used instead of
cach X head 64x, along with using the YZ head described
carlier 1mnstead of each Y head 64y. In such a case, also
instead of scales 56, a scale may be used, having a two-
dimensional grating RG formed similar to scale 152
described earlier. In such a case, with a pair of XZ heads and
a pair of YZ heads and an encoder system that these heads
can face, position information of at least one of rotation (0z)
and ti1lt (at least one of 0x and 0y) of a plurality of heads 66x
and 66y may be measured.

Note that while a grating 1s formed (the surface 1s a
grating surface) on the surface of scales 46, 52, 56, 152 and
the like, for example, a cover member (such as glass or a thin
film) that covers the grating may be provided so that the
grating surface 1s provided inside the scale.

Note that in the description so far, while the case has been
described in which the measurement direction within the XY
plane of each head that the mask encoder system and the

substrate encoder system are equipped with 1s the X-axis
direction or the Y-axis direction, the embodiments are not
limited to this, and in the case of the second to fourth
embodiments, instead of the two-dimensional grating RG, a
two-dimensional grating may be used that intersects 1n the
X-axis direction and the Y-axis direction and also has
periodic directions 1n two directions (called adirection and
3 direction for convenience) orthogonal to each other, and
corresponding to this, as each head described earlier, heads
with measurement directions in the adirection (and the
Z-axi1s direction) or the [ direction (and the Z-axis direction)
may be used. Also, 1n the first embodiment described earlier,
instead of each X scale and Y scale, for example, a one-
dimensional grating whose periodic direction 1s in the
a.direction or 3 direction may be used, and corresponding to
this, as each head described earlier, heads with measurement
directions 1n the adirection (and the Z-axis direction) or the
(direction (and the Z-axis direction) may be used.

Note that 1n the second to fourth embodiments described
above, the first grating group may be structured by the row
of X scales described earlier and the second grating group
may be structured by the row of Y scales described earlier,
and corresponding to this, a plurality of X heads (or XZ
heads) that can face the X scales may be arranged at a
predetermined spacing (spacing wider than the spacing
between adjacent X scales) along with a plurality of Y heads
(or YZ heads) that can face the Y scales being arranged at a
predetermined spacing (spacing wider than the spacing
between adjacent Y scales).

Note that 1n the first to fourth embodiments described
above, as each scale arranged side by side 1n the X-axis
direction or the Y-axis direction, a plurality of scales of
different lengths may naturally be used. In this case, when
two or more rows of scales having the same or orthogonal
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periodic directions are provided side by side, scales may be
chosen with lengths that can be set so that the spacing
between the scales do not overlap one another. That 1s, the
arrangement spacing of the space between the scales struc-
turing one row ol scales does not have to be an equal
spacing.

Note that in the first to fourth embodiments described
above, while encoders for movable heads only have to
measure position information of at least the movement
direction (the Y-axis direction in the embodiments described
above), the encoders may also measure position information
ol at least one direction (at least one of X, Z, 0x, Oy, and 0z)
different from the movement direction. For example, posi-
tion information 1n the X-axis direction of a head (X head)
whose measurement direction 1s 1n the X-axis direction may
also be measured, and with this X information and mea-
surement information of the X head, position information 1n
the X-axis direction may be obtained. However, with the
head (Y head) whose measurement direction 1s in the Y-axis
direction, position information 1 the X-axis direction
orthogonal to the measurement direction does not have to be
used. Stmilarly, with the X head, position information 1n the
Y-axis direction orthogonal to the measurement direction
does not have to be used. In short, position information of
substrate holder 34 in the measurement direction may be
obtained, measuring position information in at least one
direction different from the measurement direction of the
heads, and by using this measurement information and
measurement information of the heads. Also, for example,
position mformation (rotation immformation) of the movable
head 1n the 0z direction may be measured using two mea-
surement beams having different positions 1 the X-axis
direction, and by using this rotation information with mea-
surement mnformation of the X head and the Y head, position
information 1n the X-axis direction and the Y-axis direction

may be obtained. In this case, by arranging two of one of the
X heads and Y heads and one of the other of the X heads and
Y heads so that the two heads having the same measurement
direction are not arranged at the same position in the
direction orthogonal to the measurement direction, position
information 1n the X direction, the Y direction, and the 0z
direction can be measured. The other head preferably irra-
diates a position different from the two heads with the
measurement beam. Moreover, 1f the heads of encoders for
movable heads 1s an X7 head or a YZ head, by arranging,
for example, two of one of the X7 heads and the YZ heads
and the other of the XZ heads and the YZ heads so that the
heads are not located on the same straight line, not only Z
information but also position information (tilt information)
in the 0x direction and the Oy direction can be measured.
Position imnformation 1n the X-axis direction and the Y-axis
direction may be obtained by at least one of the position
information in the 0x direction and the Oy direction and the
measurement information of the X heads and Y heads.
Similarly, with XZ heads or YZ heads, position information
in a direction different from the Z-axis direction of the
movable heads may also be measured, and position infor-
mation in the Z-axis direction may be obtained with this
measurement information and measurement information of
the movable heads.

Note that when the scales of the encoders measuring the
position information of the movable heads 1s a single scale
(grating area), XY0z and Z0x0y may be measured by three
heads, however, in the case a plurality of scales (grating
areas) are arranged separately, two each of X heads and Y
heads, or two each of XZ heads and YZ heads should be

arranged and the spacing in the X-axis direction should be
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set so that the non-measurement period among the four
heads do not overlap one another. While this explanation
was made on the premise that the grating area 1s arranged
parallel to the XY plane, this also can be applied similarly
to a scale having a grating area parallel to the YZ plane.

Also, 1n the first to fourth embodiments described above,
while the encoder was used as the measurement device for
measuring position nformation of the movable heads,
devices other than the encoder, such as, for example, an
interferometer, a laser distance meter, or an ultrasonic range
meter may also be used. In this case, for example, a
reflection surface may be provided at the movable head (or
its holding section) and a measurement beam parallel to the
Y-axis direction should be irradiated on the reflection sur-
tace. Especially when the movable head 1s moved only 1n the
Y-axis direction, the reflection surface does not have to be
large, which makes it easy to locally air-condition the optical
path of the mterferometer beam to reduce air fluctuation.

Also, 1n the first to fourth embodiments described above,
while the movable heads that irradiate the scales of the
substrate holder with measurement beams are arranged one
cach 1n the Y-axis direction on both sides of the projection
system, a plurality of movable heads may each be arranged.
For example, i adjacent movable heads (measurement
beams) are arranged so that the measurement period of a
plurality of movable heads partly overlaps in the Y-axis
direction, the plurality of movable heads can continue to
measure position information even when the substrate
holder moves 1n the Y-axis direction. In this case, linkage
process becomes necessary among the plurality of movable
heads. Therefore, measurement information of a plurality of
heads arranged only on one side of the x£Y side of the
projection system 1rradiating measurement beams on at least
one scale may be used to acquire correction mmformation
related to another head whose measurement beam 1s within
the scale, or measurement information of not only the heads
arranged on only one side of the £Y side but at least one head
arranged on the other side may also be used. In short, of the
plurality of heads each arranged on the +Y side, measure-
ment information of at least three heads wrradiating mea-
surement beams on the scale may preferably be used.

Also, with substrate encoder system 50 of the first to
fourth embodiments described above, while a plurality of
scales (grating areas) 1s arranged separately in the scanning
direction (the X-axis direction) i which substrate P 1s
moved on scanning exposure, along with a plurality of heads
being movable 1n the stepping direction (the Y-axis direc-
tion), conversely, the plurality of scales may be arranged in
the stepping direction (the Y-axis direction) along with the
plurality of heads being movable 1n the scanning direction
(the X-axis direction).

Also, 1n the first to fourth embodiments described above,
the heads of mask encoder system 48 and encoder system 30
do not necessarily have to have the whole optical system that
irradiates a scale with a beam from the light source, and may
have a part of the light source, such as for example, only the
light-emitting section.

Also, 1n the second to fourth embodiments described
above, the heads of the pair of head units 60 are not limited
to the arrangement 1 FIG. 17 (X heads and Y heads are
arranged on the =Y sides, respectively, and the arrangement
of the X head and Y head 1s opposite 1n the X-axis direction
on one side and the other side of the =Y sides), and for
example, X heads and Y heads may be arranged on the £Y
sides, respectively, and on one side and the other side of the
+Y sides, the arrangement of the X head and Y head may be
the same 1n the X-axis direction. However, 1n the case the X
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position of two Y heads 1s the same, when measurement of
one of the two X heads 1s cut ofl, then the 6z information can
no longer be measured, therefore, the X position of the two
Y heads should preferably be different.

Also, 1n the first to fourth embodiments described above,
when the scales (scale members, grating section) irradiated
with the measurement beams from the heads of the encoder
system are provided at the projection optical system 16 side,
the scales provided are not limited to only a part of apparatus
main section 18 (frame member) supporting projection
optical system 16, and may be provided at the barrel part of
projection optical system 16.

Also, as 1s shown 1n FIGS. 12A and 12B, the distance
between the pairs of encoder heads that head unit 60 has
(namely, each of the pair of X heads 64x, the pair of X heads
66x, the pair of Y heads 64y, and the pair of Y heads 66v)
may be measured with sensors 164 and 166, and the output
ol substrate encoder system 50 may be corrected using the
measurement values. While the type of sensors 164 and 166
1s not limited in particular, a laser interferometer or the like
can be used. In substrate encoder system 30, while the
linkage process of the outputs of the pair of encoder heads
1s performed as 1s described above, 1n this linkage process,
the premise 1s that the spacing between the pair of encoder
heads 1s known and 1s invariable. Therefore, while Y slide
table 62 to which each of the heads 1s attached 1s formed of
a material that 1s scarcely affected by thermal expansion or
the like, as 1n the modified example, even 11 Y slide table 62
1s deformed (spacing between the pair of encoder heads
change) due to measuring the spacing between the encoder
heads, position information of substrate P can be obtained
with high precision. Similarly, also 1n mask encoder system
48, the distance between the pair of encoder heads (namely,
the pair of X heads 49x and the pair of Y heads 49y) may be
calculated, and the output of mask encoder system 48 may
be corrected using the measurement values. Also, relative
positional relation may be measured for all heads (a total of
eight heads 1n the embodiment) that head unit 60 has (the
pair ol heads 66x and the pair of heads 66y facing down-
ward, and the pair of heads 64x and the pair of heads 64y
facing upward), and the measurement values may be cor-
rected.

Also, a calibration operation may be performed as appro-
priate (each time substrate exchange 1s performed) to mea-
sure the distance between the pairs of encoder heads that
head unit 60 has (namely, each of the pair of X heads 64.x,
the pair of X heads 66x, the pair of Y heads 64y, and the pair
of Y heads 66y) may be calculated, as 1s described above.
Also, aside from the calibration point for performing mea-
surement of the spacing between the heads described above,
a calibration pomnt may be provided to perform origin
positioning of the output of each of mask encoder system 48
and substrate encoder system 350. The mark used for posi-
tioning on performing the origin positioning may be
arranged on an extended line (outer side) of the plurality of
scales 46 and 52, or may be formed within scales 46 and 52.

Also, tilt (talt 1n the 0x and Oy directions) amount of Y
slide table 62 to which each of the encoder heads 64x, 64y,
66x, and 66y 1s attached with respect to the horizontal plane
may be obtained, and the output of substrate encoder system
50 may be corrected according to the tilt amount (namely,
inclining amount of the optical axis of each of the heads 64.x,
64y, 66, and 66v). As the measurement system, as 1s shown
in FIG. 13 A, a measurement system can be used 1n which a
plurality of Z sensors 64z 1s attached to Y slide table 62, and
the t1lt amount of Y slide table 62 1s obtained with encoder
base 54 (or upper mount section 18A) serving as a reference.
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/. sensor 64z may be a laser interferometer, a TOF sensor, or
a sensor used for measuring distance. Also, as 1s shown 1n
FIG. 13B, a two-axis laser interferometer 264 may be
provided so that tilt amount of Y slide table 62 (amount of
inclination 1n the 0x and Oy directions) and rotation amount
(rotation amount in the 0z direction) may be obtained. Also,
t1lt amount of each of the heads 64x, 64y, 66x, and 66y may
be measured individually, using a gyro sensor or the like.

Also, while encoder base 54 having the plurality of scales
56 was structured to be directly attached to the lower surface
of upper mount section 18a (optical surface plate), the
structure 1s not limited to this, and a predetermined base
member may be arranged 1n a suspended manner 1n a state
arranged separate to the lower surface of upper mount
section 18a, and encoder base 34 may be attached to the base
member.

Also, substrate stage device 20 only has to drive at least
substrate P along a horizontal plane in long strokes, and 1n
some cases, does not have to perform fine positioning 1in
directions of six degrees of freedom. The substrate encoder
system according to each of the embodiments described
above can be suitably applied, even to such a two-dimen-
sional stage device.

Also, while the linkage process of heads in the first
embodiment described above was performed using the out-
put (measurement information) itself of the heads, the
embodiment 1s not limited to this, and the linkage process
may be performed using position information of the mea-
surement target (mask stage 40, head umt 60, substrate
holder 34) obtained based on the output of the heads.

Also, 1n the embodiment above, while the two rows of
scales were formed by the plurality of scales 46 provided on
one side and the other side of mask M 1n the Y-axis direction,
the embodiment 1s not limited to this, and the row of scales
may be a single row (a structure in which scales 46 are
provided only on one side of mask M 1n the Y-axis direc-
tion). In this case, while only one head umt 44 has to be
provided, the number and arrangement of the plurality of
heads that the one head unit 44 has should be set so that even
when a measurement beam from a part of the plurality of
heads moves ofl of the scales, at least three heads of the
remaining heads constantly face the scales. Also, each of the
heads should be arranged so that 1n the at least three heads,
a head whose measurement direction 1s different 1s included
(so that two X heads and one Y head, or one X head and two
Y heads constantly face the scales). Similarly with substrate
holder 34, the row of scales may be a single row. In this case,
only one head unit 60 has to be provided, corresponding to
the single row of scales. Specifically, in FIG. 18, a structure
may be employed 1n which five scales 152 are arranged at a
predetermined spacing 1n the X-axis direction only on the
+Y side of substrate P, along with all heads 66a to 66¢ fixed
to one head unit 60 arranged above scales 152 so that all the
heads can face scales 152.

Also, while mask stage device 14 in the embodiment
described above employed a structure of moving 1 long
strokes only 1n the X-axis direction, the embodiment 1s not
limited to this, and the stage device may be structured to
move also in predetermined long strokes in the Y-axis
direction, along with the X-axis direction. In this case,
similarly to head unit 60 (refer to FIG. 4A and the like) used
for position measurement of the substrate, head umt 44
(refer to FI1G. 2B) 1s preferably structured so that head unait
44 can move synchronously with mask holder 40 1n the
Y-axis direction so that the measurement beams from heads
49x and 49y do not move ofl from the corresponding scales
47x and 47y. In this case, position information of head unit
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44 within the XY plane should be measured by an encoder
system having a structure (including linkage process of
heads between scales) similar to the position measurement
system of head unit 60.

Also, 1n the embodiment described above, while scales 52
extending 1n the X-axis direction were fixed to substrate
holder 34 and scales 56 extending in the Y-axis direction
were lixed to encoder base 34, the directions may be
opposite. Specifically, an example 1s given in which a
structure may be employed where scales extending in the
Y-axis direction are fixed to substrate holder 34, and head
unit 60 moves 1n long strokes in the X-axis direction
synchronously with substrate holder 34 at the time of
scanning operation. In this case, at the time of Y stepping
operation of substrate holder 34, head unit 60 1s to be 1n a
stationary state.

Also, 1n the embodiment described above, while the
structure of providing scales 52 on substrate holder 34 1s
employed, the scales may be formed directly on substrate P
on exposure processing. For example, the scales may be
formed on scribe lines between shot areas. This allows
measurement of scales formed on the substrate to be per-
formed, and based on the results of position measurement,
nonlinear component errors for each of the shot areas on the
substrate can be obtained, and overlay accuracy upon expo-
sure can also be improved, based on the errors.

Also, 1n the embodiment described above, while there 1s
a case when head umt 60 1s described to move synchro-
nously with substrate holder 34, this means that head unit 60
1s moved 1n a state where relative positional relation with
respect to substrate holder 34 1s basically maintained, and 1s
not limited to the case in which head unit 60 and substrate
holder 34 are moved 1n a state where positional relation,
movement direction, and movement speed between head
unit 60 and substrate holder 34 are strictly coincident.

Also, 1 substrate encoder system 50 according to each of
the embodiments, scales used for substrate exchange may be
prowded at substrate stage device 20 or at another stage
device to acqulre position information of substrate stage
device 20 moving to a substrate exchange position between
the substrate loader, and heads facmg downward (such as X
head 66x) may be used to acquire position information of
substrate stage device 20. Also, heads facing upward (such
as X head 64x) may be used to measure scales used for
substrate exchange provided at encoder base 54 and to
acquire position information of substrate stage device 20.
Or, position information of substrate stage device 20 may be
acquired by providing heads used for substrate exchange at
substrate stage device 20 or another stage device and mea-
suring scales 36 or the scales used for substrate exchange.
Note that the heads used for substrate exchange may be
provided movable or fixed, with respect to substrate stage
device 20 or to the another stage device.

Also, 1n mask encoder system 48 according to each of the
embodiments, scales used for mask exchange may be pro-
vided at mask stage device 14 or at another stage device to
acquire position mnformation of mask stage device 14 mov-
ing to a mask exchange position between the mask loader,
and head unit 44 may be used to acquire position mforma-
tion of mask stage device 14.

Note that in the first to fourth embodiments described
above, while the substrate position measurement system was
structured with Z-tilt position measurement system 98 and
substrate encoder system 50, for example, the substrate
position measurement system may be structured only by
substrate encoder system 50 by using X7, YZ heads instead

of X, Y heads.
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Also, 1n the first to fourth embodiments described above,
separately from the pair of head units 60 of substrate encoder
system 30, at least one head arranged away from head unit
60 1n the X-axis direction may be provided. For example,
movable head units the same as each of the head units 60
may be provided at the +Y side with respect to the mark
detection system (alignment system) arranged apart from
projection optical system 16 in the X-axis direction that
detects alignment marks of substrate P, and 1n the detection
operation of substrate marks, position imnformation of sub-
strate holder 34 may be measured using the pair of head
units arranged at the Y side of the mark detection system.
In this case, 1t becomes possible to continue measurement of
position information of substrate holder 34 by substrate
encoder system 50 (another pair of head units), even 1 all
measurement beams from the pair of head units 60 move ofl
of scales 152 1n the mark detection operation, and the degree
of freedom on designing the exposure apparatus, such as the
position of the mark detection system, can be increased.
Note that by arranging the substrate position measurement
system for measuring position mformation of substrate P 1n
the Z-axis direction near the mark detection system, mea-
surement of position mformation of substrate holder 34 by
substrate encoder system 50 becomes possible also 1n the
detection operation of the Z position of the substrate. Or, the
substrate position measurement system may be arranged
near projection optical system 16, and position information
ol substrate holder 34 may be measured with the pair of head
units 60 1n the detection operation of the Z position of the
substrate. Also, in the embodiment, when substrate holder
34 i1s arranged at a substrate exchange position set away
from projection optical system 16, the measurement beams
of all heads of the pair of head units 60 move off of scales
152. Therelore, at least one head facing at least one scale of
the plurality of scales 152 of substrate holder 34 arranged at
the substrate exchange position may be provided, and posi-
tion information of substrate holder 34 can be measured by
substrate encoder system 50 also on the substrate exchange
operation. Here, before substrate holder 34 reaches the
substrate exchange position, or in other words, 1n the case
the measurement beams of all heads of the pair of head units
60 move ofl of scales 152 before at least one head arranged
at the substrate exchange position faces scale 152, at least
one head may be added and arranged along the moving route
of substrate holder 34 so that measurement of position
information of substrate holder 34 by substrate encoder
system 30 can be continued. Note that 1n the case of using
the at least one head provided separately from the pair of
head units 60, the linkage process described earlier may be
performed using the measurement information of the pair of
head units 60. Also, the position of the at least one head
facing at least one scale of the plurality of scales 152 of
substrate holder 34 arranged at the substrate exchange
position described above may be fixed (a fixed type head),
or may be provided movable (a movable type head) so that
the measurement beam does not move off of the scale
similarly to each of the embodiments described above.

Also, the illumination light may be an ultraviolet light
such as an ArF excimer laser beam (wavelength 193 nm) or
a KrF excimer laser beam (wavelength 248 nm), or a
vacuum ultraviolet light such as an F2 laser beam (wave-
length 157 nm). Also, as the illumination light, a harmonic
wave may be used, which 1s a single-wavelength laser beam
in the infrared or wvisual region oscillated from a DFB
semiconductor laser or a fiber laser as vacuum ultraviolet
light that 1s amplified by a fiber amplifier doped by, e.g.
erbium (or both erbium and ytterbium), and then 1s subject
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to wavelength conversion into ultraviolet light using a
nonlinear crystal. Also, a solid laser (wavelengths: 3355 nm,
266 nm) may also be used.

Also, while the case has been described where projection
optical system 16 1s a projection optical system of a multiple
lens method equipped with a plurality of optical systems, the
number of projection optical systems 1s not limited to this,
and one or more will be fine. Also, the projection optical
system 1s not limited to the projection optical system of a
multiple lens method, and may also be an Oflner type
projection optical system which uses a large mirror. Also, as
projection optical system 16, a magnilying system or a
reduction system may also be used.

Also, the exposure apparatus 1s not limited to the exposure
apparatus for liquid crystals which transfers the liquid
crystal display device pattern onto a square-shaped glass
plate, and may also be widely applied to an exposure
apparatus for manufacturing organic EL. (Electro-Lumines-
cence) panels, an exposure apparatus for manufacturing
semiconductors, or to an exposure apparatus for manufac-
turing thin film magnetic heads, micromachines, and DNA
chips. Also, the above embodiments can be applied not only
to an exposure apparatus for manufacturing microdevices
such as semiconductors, but also to an exposure apparatus
that transiers a circuit pattern onto a glass substrate or a
s1licon waler to manufacture a reticle or a mask used 1n an
optical exposure apparatus, an EUV exposure apparatus, an
X-ray exposure apparatus, and an electron-beam exposure
apparatus.

Also, the object subject to exposure 1s not limited to a
glass plate, and may also be other objects such as a walfer,
a ceramic substrate, a film member, or a mask blanks. Also,
in the case the exposure object 1s a substrate for a flat panel
display, the thickness of the substrate 1s not limited 1n
particular, and includes a film-like substrate (a sheet-like
member having tlexibility). Note that the exposure apparatus
of the embodiment 1s especially effective i the case when
the exposure object 1s a substrate whose length of a side or
diagonal length 1s 500 mm or more.

Electronic devices such as liquid crystal display devices
(or semiconductor devices) are manufactured through the
steps such as; a step for performing function/performance
design of a device, a step for making a mask (or a reticle) on
the basis of this design step, a step for making a glass
substrate (or a waler), a lithography step for transferring a
pattern of a mask (reticle) onto the glass substrate by the
exposure apparatus and the exposure method described 1n
cach of the above embodiments, a development step for
developing the glass substrate which has been exposed, an
etching step for removing by etching an exposed member of
an area other than the area where the resist remains, a resist
removing step for removing the resist that 1s no longer
necessary since etching has been completed, a device assem-
bly step, and an inspection step. In this case, in the lithog-
raphy step, because the device pattern 1s formed on the glass
substrate by carrying out the exposure method previously
described using the exposure apparatus of the embodiments
described above, a highly integrated device can be manu-
factured with good productivity.

Note that the disclosures of U.S. Patent Application
Publications and U.S. Patents related to the exposure appa-
ratus and the like quoted 1n each of the embodiments above,
in their entirety, are incorporated herein by reference as a

part of the present specification.

INDUSTRIAL APPLICABILITY

As 1s described so far, the exposure apparatus and the
exposure method of the present invention 1s suitable for
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performing exposure by irradiating and object with an
illumination light in a lithography process. Also, the flat
panel display manufacturing method of the present invention
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suitable for producing flat panel displays.

REFERENCE SIGNS LIST

. liquad crystal exposure apparatus,
. mask stage device,

. substrate stage device,

. substrate holder,

. mask holder,

. head unait,

. scale,

. mask encoder system,

. substrate encoder system,

. scale,

. scale,

. head unait,

. main controller,

. . mask,

. substrate.

The 1nvention claimed 1s:

1. An exposure apparatus that irradiates an object with an

illumination light via an optical system, the apparatus com-
prising:

a first movable body that 1s disposed below the optical
system and holds the object;

a first drive system capable of moving the first movable
body 1n a first direction and a second direction orthogo-
nal to each other within a predetermined plane orthogo-
nal to an optical axis of the optical system:;

a second movable body that 1s disposed between the
optical system and the first movable body 1n a third
direction orthogonal to the first direction and to the
second direction;

a measurement system that has a grating member with a
plurality of grating areas disposed mutually spaced
apart in the first direction and a plurality of heads each
irradiating the grating member with a measurement

beam, one of the grating member and the plurality of

heads being provided at the first movable body, the
other of the grating member and the plurality of heads
being provided at the second movable body, the mea-
surement system measuring {irst position mformation
of the first movable body relative to the second mov-
able body based on measurement information of a
head, of the plurality of heads, that irradiates at least
one of the plurality of grating areas with the measure-
ment beam:

a second drive system capable of moving the second
movable body 1n the second direction;

10

15

20

25

30

35

40

45

50

52

a frame member that supports the optical system;

a measurement device that measures second position
information of the second movable body relative to the
frame member 1n the second direction; and

a conftrol system that controls a position of the first
movable body relative to the frame member by con-
trolling the first drive system based on position nfor-
mation including the first position information mea-
sured by the measurement system and the second
position information measured by the measurement
device, wherein

during movement of the first movable body relative to the
second movable body in the first direction, the mea-
surement beam of each of the plurality of heads moves

off from one grating area of the plurality of grating
areas and moves to irradiate another grating area adja-
cent to the one grating area.

2. The exposure apparatus according to claim 1, wherein

1n the measurement device, one of a scale member and a
head member 1s provided at the second movable body
and the other of the scale member and the head member

1s provided to face the second movable body, and the
measurement device measures the second position
information of the second movable body by 1rradiating
the scale member with a measurement beam via the

head member.

3. The exposure apparatus according to claim 2,

wherein

the other of the scale member and the head member 1s
provided at the frame member.

4. The exposure apparatus according to claim 2, wherein

during the movement of the first movable body relative to
the second movable body 1n the first direction, the head
member faces the frame member.

5. The exposure apparatus according to claim 4, wherein

during movement of the second movable body relative to
the frame member in the second direction, the mea-
surement beam of the head member moves off from one
scale member of the scale members and moves to
irradiate another scale member adjacent to the one scale
member.

6. The exposure apparatus according to claim 3, wherein

during the movement of the second movable body relative
to the frame member 1n the second direction, the head
faces the grating member.

7. A flat panel display manufacturing method, comprising:

exposing a substrate using the exposure apparatus accord-
ing to claim 1; and

developing the substrate that has been exposed.
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